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Introduction 


On March 10, 1978, the Secretary of the Interior transmitted an 
Interagency Helium Study to the Chairmen of the House Committee 
on Appropriations, the Senate Committee on Appropriations, tne 
Senate Committee on Energy and Natural Resources, and the House 
Committee on Interior and Insular Affairs. That report was 
requested by the House Committee on Appropriations in Resort No. 
95-392 on 4.R. 7636, Department of the Interior and Related 
Agencies Appropriations Bill for 1978. In Report No. 95-76, 

the Senate concurred with the House report. 


The Interagency Helium Study discusses the basis for the Federal 
helium program, considers possible demand scenarios to the year 
2030, and contains a number of suggestions presented as a recom- 
mendation for further study. These study topics are: 


Ll. As a possible overall policy, decarmine the conservation 
and fiscal implications of amending the Helium Act to 
provide for helium management by the Federal Government 
for national needs rather than strictly Federal Government 
needs. 


2. Determine the effects of amending the Helium Act of 1960 
to permit rederal agencies to purchase hnelitm from the 
private2 sector. Govermment helitm sales might 5e shased 
out over a period of time sufficient to allow private 
industry tc increase production capacity co supply both 
Federal and private markets. The helium in storage at 
the Cliffside Sield might then be treated as a national 
helium reserve, with its use restricted to nacional 
security, national emergency (such as war), or to iuliill 
important ummet long tarm national needs. 


3. Determine the feasibility and cests of (a) cancelling the 
outstanding helium debt, and (5) financing or supplemens- 
ing the finances of the program by annual appropriations 
L1£ Federal helium sales were to be discontinued. 


4. Evaluate the desirability of policies which might be used 
to encourage extraction and storage of helium from ‘fuel 
(high-3tu) gas, including the effectiveness of low storage 
fees, ready return, or other incentives for encouraging 
the storage of privately owned helium at the Clifiside 
reservoir. This might include examining the feasibility 


and costs of encouraging the conservation of helium by 
the private sector through amendments to the Internal 
Revenue Code to (a) permit the cost of helium extraction 
and transportation for conservation and storage to be 
deducted as an expense for the year in which such expense 
is incurred, and (b) recapture such deductions at the 
time the helium is sold. 


5. Appraise on a regular basis the role of the Keyes planc 
and other Government helium properties in meeting the 
national needs for pure helium production. One issue 
might be ucilizacion of the Keyes plant to supplement . 
private production as needed if Governmenc helium sales 
were to be phased out. 


6. Review the legislated authority of the Secretary of the 
Interior to establish or continue policies that reserve 
. OY recover the helium from nondepleting and depleting 
reserves on Federal lands. 


7. Assess existing technology to determine the advantages 
ef and to set priorities for possible basic research, 
including the following: 


(a) Economic processes for recovering helium from 
gases with lean helium contents, 


(b) helium recovery from industrial gas production and 
LNG plants, 


(c) helium recovery from the atmospnere, and 
(d) technologies that conserve heliun. 


8. Consider having the Department of the Interior jointly 
examine with major Federal users (currently DOD, NASA, 
and DOE) any important changes in the status of the 
Nation's helium supply/demand situation, at least 
every 5 years. 


This follow-up report by the Department of the Interior is sup- 
plementary to the interagency report and provides a discussion and 
evaluation of some of the resource implications of the above stucy 


topics. Three alternative program levels are considered in this 

report; a business-as-usual base case, a phase-out of Bureau of ~~ z 
Mines sales, and a phase-out of Bureau of Mines sales combined with 

the shut down of the Bureau's Keyes field helium extraction facility. 


No attempt is made to consider actions beyond those identified in the 
recommendations. The U.S. Government is a defendant (or intervenor) 

in nine helium lawsuits. Five of these involve disputes over the 
ownership and value of helium extracted from natural gas and sold to 

the government. The remaining suits were brought against the government 
by helium contractors to recover damages for alleged breach of contract. 
Until this litigation is resolved, some of the alternatives not discussed 
in the interagency report, such as additional purchases car storage in 

an "escrow account are not feasible. 

The business-as-usual scenario in which Federal demand continues to be 
supplied by the Bureau of Mines to the year 2000 is used as the base 
case to which alternatives are compared. The calculations are not 
carried into the 2lst century because estimates of demand, supply, costs, 
and Treasury receipts or outlays beyond a 20- to 25-year time horizon 
give the appearance of precision to a projection which is highly spec- 
ulative. But since some possible major uses for helium may not occur 
until well into the 21st century, the estimated cumulative demand ’to 

the year 2000 used in this report may be an uncertain guide to 

potential demand later on. 


No new resource or demand estimates have been made for this study. 
This report uses the intermediate demand estimate developed tor the 
Interagency Helium Report. Although the most probable helium demand 
scenario, as identified in the Interagency Report, lies between the 
low and intermediate demand schedules, ches2 schedules differ little 
through the year 2000. 


In essence, the crux of the "helium problem" is an intergenerational 
transfer, i.e., whether the present generation is willing to invest 
current resources in a substance with unique features and conserve 
this suostance for future generations, when neither the timing nor 

the magnitude of future needs can be established with any certainty. 
The matter is complicated in thar low-cost helium (very high-cost 
helium will always be available from the atmosphere) is a coproduct 

of natural gas production and thus will be produced along with natural 
gas in large quantities during the next few decades, irrespective 

of demand or conservation decisions. 


Also included in this report is a discussion of recent developments 
regarding the Tip Top Field in Wyoming, a so called nondepleting 
gas field, about 95% of which is Federally owned. After submission 
of the [Interagency Helium Report by the Interagency Committee, che 
operator of the field announced plans to drill wells into the helium- 
rich zones and start natural gas soreduction in the early 1980's. 
According to a preliminarv resource estimate, this field contains 
nearly 45 billion cubic feec of helium, enough to supply current 
U.S. consumption for 50 years. Since the helium on Federal lands 

is owned by the Federal Govermment (a provision in the 1920 
Leasing Act) a2 decision will have to be made concerning the 
disposition of the helium that will be produced with the nacural 
gas as a coproduct. Firm Departmental program commitments ‘for 

ip Top are probably not necessary at this time, given the scnedulead 
slow pace of development and the uncertain natural gas resources 
available. 


Management for National Needs 


(Study Topic 1 as amplified in the last sentence of 
Study 1opic’ 2) 


As a possible overall policy, determine the 
conservation and fiscal implications of 
amending the Helium Act to provide for helium 
management by the Federal Government for 
mational needs rather than strictly Federal 
Govermment needs. 


The helium in storage at the Cliffside fF 
might then be treated as a naticnal helium 
reserve, with its use restricted to national 
security, national emergency (such as war), or 
to fulfill important ummet. long-tarm national 
needs.. 


Providing for national needs implies a broader soint of view than 
providing for Federal needs. More than the foreseeable needs of She 
various government agencies thac consume helium would be considered. 
It seems unlikely char, within the next 20-25 years, national needs 
requiring large amounts of helium could arise that would be casczribed 
as a national emergency or national security program. The most lLikaly 
event would seem to be a major technological dreakthrough which could 
be implemented in a relatively short pericd of time - less than 10 
years - resulting in helium requirements that could net he supplied 
through the srivate market. Since helium extraction and purification 
plants can be constructed within 2 years assuming no delays due to 
environmental difficulties, these requirements would have to be 
substantial. No such tachnological breakthrough has been identified 
in the interagency report or other studies. 


In the case of. a wartime emergency, the U.S. Govermment may Rave to 
supply its allies with helium if their needs are significant. The 
peacetime requirements of a number of countries are mow being supplied 
by private U.S. industry. If seems unlikely that foreign demand durin 
wartime would significantly exceed the rapidly growing export capacity 
o£ 0.5." tnonstry. 


Current amnual demand for helium is approximately 0.9 billion cubic 
feet (Bcf). Estimated total cumslative demand to the year 2000 is 
approximataly 30 Bef. The 37.7 Bct of Federal helinm in storage 
would seem to be more than sufficient if it is decided that the stored 
helium should be designatad as a aational stockpile. In addicion, 
according to the Interagency Helium Report, known non-depleting helim 


resources on Federal lands are approximately 60 Bcf, of which nearly 
45 Bert are contained on the Tip Top Field in Wyeming. As contrasted 
with some other materials held in national stockpiles for strategic 
purposes, the United States is not dependent on foreign supplies for 
helium. On the contrary, most of the known helium resources in the 
world are located in the United States. 


Tf the helium in Cliffside were designated as a national stockpile 

but the stockpile quantity set at a lower level than the 37.7 3cf now 

in storage - between 20 and 30 Bcf - the business-as-usual base case 
would apply since cumulative rederal demand to the year 2000 has been 
projected at 12 Bcf. Thus, in combination with the 60 Bet of Federally 
owned non-depleting helium resources, sore than 80 3c= of Federal helium 
will remain to meec long-tarm needs in the 21st century. 


Ti the 37.7 Bet of helium in Cliffside were designated a naticnal 
stockpile, it would be necessary to define and describe the emergencies 
the stockpile would be used for. Or, by elimination, what it would not 
be used for. To provide incentives for private industry to invest ia 
new helium extraction and purification facilities, a declaration that 
the stockpile would not be used for price stablization purposes aay be 
necessary. . 


Tt is possible that if the govermment withdraws complecaly from 

the helium market, private industry might attempe to raise prices. 
Although the current market structure in the helium industry is 
oligopolistic with only a few firms in the amarkat (see Anpendix F 
for summary), for nearly 10 years, srivate orsducer etices have been 
substantially below the $35/Mcf price that the Bureau of Mines has 
charged Federal users. This implies that current orice elasticiszias 
and the possibility of new entrants into the market srovide a2 
sufticient detarrenc to the formarion of a producers’ cartel. 


~ 
< 


Study Topic 2 


Permit Private Sector Purchases 


Determine the effects of amending the Helium Act 

of 1960 to permit Federal agencies to purchase 
helium from the private sector. Government helius= 
sales might be phased out over a period of time suf- 
ficient to allow private industry to increase produc- 
tion capacity to supply both Federal and private 
markets. 


This section examines the effects of meeting future Federal helium 
demand through the private market. The effects are analyzed by comparing 
two alternative cases to a business-as-usual base case. The following 

3 cases will be discussed: 


Case 1 - Business-as-usual dase case. 
Case 2 + Phased transfer of the Federal helium market to private 
industry under a new National Helium Act, with concinued 


operation of the Keyes facility. 


Case 3 - Same as case 2, exceot the Kéyes facility would be shuc 
down ac the end of 1980. 


The analysis focuses on the financial and resource implications of the 
3 cases. Major assumptions used in the calculations include: 


o All calculations are to the year 2000. 

8 ALL calctiations are in 19/8 dollars’ 

® Bureau of Mines helium sales continue at $35/Mcé. 

e Four years phase-out of Federal sales begins in 1980. 
6 Demand estimates are from the intermediate scenario of 


the Interagency Helium Study. 


e In Case 1 and Case 2, the Keyes field is shut down at the 
end of 1986. In Case 3, it is assumed that the Keyes field 
is shut down act the end of 1980. 

& In each case, Keyes production in excess of Federal sales 
is stored in the Cliffside reservoir. 

e All <aleulations are independent of obligations related to 


the Helium Fund debt. 


g Private market sales of pure helium are assumed at 
$20/Mcf. * 


A complete Listing of assumptions used in the calculations is included 

at the end of this section. The intermediate demand schedule and derailed 
financial and resource accounts are also included at the end of this 
section, 


imancial Imelicacions 


. summary ah the financial accounts is presented in Table 1. The 
"financing" colusn in Table 1 shows the receipes of che Bureau of 

Mines for helium purchased by other Federal agencies, and see cos from 

private firms for storage and purification services. The "obli gations" 

column shows total estimated annual expenditures by the Bureau of 

Mines Helium Operations Division. If "obligations" are greater than 
"Sinancing", the ‘addisional funding" ees indicates the appropria- 
tions cacesseee to cover these deficits. Any surplus of financin 

ever obligations is credited to the Fund Balance in the canes but 
this surplus is normally returned to the Treasury. 


Using the information in Table 1, the financial imslicazcions of sap licating 
the phase-out case are as follows: 


e Helium fund surplus returned to the Treasury (Millions) 
by che Bureau of Mines in base case 
omuCs Geert po emir anime ba Lance) ads ais sca fe tied's one ey ee eon = 305.1 

@ Estimated appropriations to the Bureau of Mines 
helium activity: in stheppnasesout case a, oe. vot dick bres ws ote « aA 


® Sum of the foregone Treasury receipts and added 
appropriations required in the phase-out case....... 200. 356.6 


e Less the reduction in appropriations for Federal agencies 
for helium purchases in the private market, under the 
phase-out case. (($35 - $20) x 11.632 Bef: Bureau of Mines 
price minus assumed private market price multiplied by 
RSC LA CO SOMA RC ) mi ote Wists wavs ators ety is ain Wace aiely. eh< gf abe myats glow wre aon 0/0 174.5 


= e Increase in total Federal appropriations for the phase-out 


er le AS Ao St Gis AR ee I ee Ri OA re ee i ee $ Peas 


* Private communications indicate that several recent helium centracts 
have been concluded at about $20/Mcf. Exact price data are proprietary 
and unavailable, tut knowledgeable sources indicate thac helium prices 
have not risen above the $20-$25/Mcf range in recene years. 


Table 1b. - Summary of Financtal Accounts Hurecau of Mines Projected Financing, Obdigation, 
and Fund talance to the Year 2000 


(Mi titona of 76 Dollacs) 


a te 
Case; Base Case |/ Phase-Out Case 2/ Shut Down Case 4 
End of Yeac ° End of Year . End of Yeu 
Additional Fund Additional Fund Additional fuad 
Fiscal Year Financing Obligations Funding 4/ Balance 5/ Financing Obligattiona Funding Balance 5/ Financing Obligations Funding Balance 35/ 

1976 11.6 15.8 - 3.5 11.6 15.8 - 3.5 11.6 13.8 - 3.5 
1979 bi.? bb.2 - 4.0 (1.7 10.7 = 4.5 bi.? 11.0 - 4.2 
1960 15.6 12.) e 7.3 10.3 12.1 - 2.) 10.3 10.4 - 4.1 
1961 16.5 13.6 - 10.2 10.2 12.4 1.0 1.5 10.2 8.0 - 6.) 
1962 17.3 14.8 - 12.7 7.3 13.3 6.0 1.5 7.3 9.0 - 4.6 
1983 16.3 11.4 2 19.4 3.6 6.6 3.0 1.5 3.6 5.1 - 3.1 
1964 18.9 4.3 - 27.0 1.8 8.4 7.0 1.5 1.8 3.3 - 1.6 
1945 19.8 11.4 - 35.4 1.8 8.1 6.3 1.5 1.8 3.1 1.2 1.5 
1966 21.2 11.4 - 45.2 1.8 6.5 6.7 1.5 1.8 as 1.5 1.5 
196? 22.6 10.0 - 57.8 2.0 4.1 2.1 1.5 2.0 3.3 1.3 bad 
1968 24.1 10.0 - 1.9 2.2 4.2 2.0 ae: 2.2 2.4 0.2 1.5 
1969 25.5 10.2 = 7.2 2.5 4.4 1.9 1.5 2.5 2.6 0.t 1.5 
1990 26.9 10.2 = 103.9 2.4 3.9 1.5 1.5 2.4 2.3 - 1.6 
1991 27.6 10.2 - 424.3 0 1.2 1.2 1.5 0 1.2 a | 1.5 
1992 26.3 10.2 - 139.4 0 1.2 1.2 1.5 0 1.2 Ree 3 1.5 
199) 29.0 10,2 = 158.2 0 1.2 1.2 1.5 0 1.2 1.2 1.5 
1994 29.8 10,2 . 177.8 0 {.2 1.2 1.5 0 1.2 bz2 1.5 
1995 40.5 1.3 z 198.2 0 1.2 1.2 3 i) Na 1.2 1.5 
1996 310.9 10.4 = 219.0 0 1.2 1.2 1.5 0 1.2 1.2 1.5 
1997 31.4 10.1 = 240.9 0 1.2 1.2 1.5 0 1.2 1.2 1.5 
19986 41.8 10.1 : 262.0 0 1.2 2 1.5 0 2 1.2 1.5 
1999 32.2 10.1 - 204.4 0 1.2 1.2 F 1.5 0 1.2 1.2 1.5 
2900 32.7 10.2 - 306.6 0 1.2 , o.2 1.5 0 1.2 1.2 1.5 

Total 5534.0 255.8 = 306.6 69.2 126.9 py ae 5 69.2 91.6 16.2 1.5 

1/ Bureau of Hines contunves present helium operations under extating heltum legisthation, 


2/ 
Vv 
4/ 


5/ 


Bureau of Hines gradually Cranefere tte Federal market to private industry vith Keyea plant operat tong. 
Bureau of Hinee gradually tranafece ite Federal helium market to private industry with Keyes plant ahutc down. 


“Addittonal Funding” shows the approprietiona neceasary to cover the difference between “Financing” and “Obligation, except when Che 
helium fund hae @ large enough balance to make up the deficit. 


Opening Balance $7.7 million, A miniauun balance of $1.5 million fo maintatned. : 


Implementing the shut down alternative would reduce required total 
appropriations by $35.3 million over the phase out case ($51.5 - 

$16.2 the difference between additional funding columns, cases 2 and - 
3). Thus, the increase in total Federal Government appropriations 
between the base case and che shut down case would be $146.8 million. 


These totals do not consider changes in income tax collections. Assuming 
that the additional private market sales of 11.6 Bef of helium involve 
profits of about $4/Mcf, increased tax collections could total about 

320 Mallon. This amount should be substracted from the total increase 
in appropriations to derive the total cost to the Federal Government 

of the phase out and shut down alternatives. 


The additional dollar costs determined in the above calculations should 
be compared to the benefits of maintaining our stockpile of helium at 
approximately the current level. Although the costs are given in terms 
of increased appropriations by the Congress, real economic costs are 
incurred by such additional expenditures. Whether the additional 
appropriations are obtained through taxes, increased Federal debe, 

or simply by printing money, the real costs are foregone consumption, 
investments, and savings. 


Benefit Evaluation in Terms of Helium Resources 


Based on estimates of natural gas production used in the Interagency 
Helium Study, the amount of helium contained in depleting and nondeplec- 
ing natural gas fields in the year 2000 will be about 460 3cf. This 
estimate does not include helium in the Cliffside storage facilitcy. 


Since helium contained in fuel natural gas is a coproduct, and is 
produced independently of the demand for helium, the estimated 460 3ci 
of remaining helium resources is unaffected by the choice of scenario 
in this analysis. Shown in Table 2, the change in remaining resources 
rom the base case to either alternative case is reflected in the 
inventory change in Cliffside. 


Table 2 
Federal Helium in the Cliffside Storage Reservoir 


Difference 
from Base Case 


Inventory 
Change 


Lied cee -10.7 Bcf 
38.7 Bef a1 OSCE 11.7 Bef 
A pA mt ~) - 0.2 Beé +#10.5 Bef 


thee ty Oe 


Phase Out " 


Base Case 


Shut Down . rf 


NOTE: Material balance tables at the end of this section show 
Keyes field production and withdrawals from storage for 
the three cases. 


A comparison of the base case to the phase out case shows that the 
expenditure of an additional $159.1 million under the phase-out option 
($182.1 million less $23 million in estimated income taxes) would 
conserve an additional 11.7 Bef of helium in the Cliffside stockpile by 
the year 2000. The teneric of the phase out case is the avaitability 
of additional crude helium at an opportunity cost of $13.60 Mcé&. The 
cost/benefit analysis for both alternatives is presented in Table 3. 


Table 3 


Cost/Benefict Analysis for Alternatives 
a ae 


. Cliffiside Difference Cost Increment Additional Cos¢e 
Storage in from Base from Base Case |Per Mcé 
Year 2000 Case (Millions of |Zelium Saved 


(Bez) (Bez) 78S) | 


Base Case 


Phase Out 38.7 +11.7 $159.1 $13.60/Mcé 


Shut Down S725 +1073 $123.8 Sw Re goes, ap 


If the phase out case is compared with the shut down case, the governmenc 
would save $35.3 million, but would lose -1.2 Bef of helium. Thac is, by 
going to the shut down alternative the government would forego 1.2 3cé 

ef crude helium, ac an average cost of $29.42/Mcé. 


To get a perspective on alternatives not considered here, an amended base 
case can be hypothesized in which all pending litigation is settled. The 
government would then be free to purchase crude helium in the private markec 
rather than withdraw helium from Cliffside as in the base case. Assuming 
that helium can be purchased at the former contract price of about $12/Mce 
for crude helium, and in sufficient quantities to leave Cliffside storage 
at the 38.7 Bcf level of the phase out case, the increased cost to the 
government under this amended base case would be aboue $140 million, as 
compared to che $159.1 million cost increment for the phase out case. 


Comolete List of Assumotions 


Assumptions for the Base Case: Bureau of Mines (BOM) Continues Present 
Helium Operacions Under P.L. 86-777. 


a. BOM continues to supply Federal helium needs. Estimated demand 


corresponds to the intermediate level discussed in the 
Interagency Helium Study. 


p Pe 


b. BOM continues extracting helium from natural gas produced from 
the Keyes field uncil Low ‘production and increased costs 
necessicate shut down in 1986. Production in excess of Federal 
helium needs will be stored. 


¢. BOM continues to sell helium to Federal agencies ac $35 per Mcf. 


d. BOM continues to purify helium at the Exell plant after the 
Keyes planc is shut down in FY 1986. New Federal capacity 
is added as necessary. 


e. BOM continues conservation and storage, helium supply, demand 
and resources surveys, research and development, surification 
and redelivery of private-stored helium, ecc. 


Assumptions for the Phase Out Scenario: BOM Gradually Transfers Ies 
Federal Helium Market to Private Industry under a New National Heliun 
Act, Keyes Plant Operating 


a. A new National Helium Act will be vnassed in FY 1979. 


b. BOM helium sales to Federal agencies phased out gradually 
from FY 1980 through FY 1983. 


c. Keyes helium production in excess of Federal helium needs will 
be stored. 
d. Private industry will noe reopen any of the former crude helium 
purchase contract plants (National Helium Corporation). One 
plane (Phillips Petroleum Company's Dumas Plane) is already 
shut down decause of loss of gas supply. The announced plans 
of Linde Division, Union Carbide Corporation, to build a 
helium purification addition to the Northern Helex Company's 
crude helium plane will start production as planned. Additional 
purification capacity will likely be added by Cities Service 
Cryogenics and Alamo-Gardner as the gas supply and che helium 
market dictate. 


e. Private helium purification capacity will expand starting in 
FY 1986 by approximately 150 MMcfy in FY 1990 and by approxisatcely 
500 MMcfy in FY 2000, in addiction to Linde Division's announced 
expansion of 300 MMcfy in 1978. 


f£. Excess BOM buildings, process and distribution equipment, and 
real estate will be disposed of following the 4-year phase out. 


‘ 


g- BOM continues conservation and storage, helium supply, demand, 
and resources surveys, research and development, purification 
and redelivery of private stored helium, ecc. 


Assumptions for the Shutdown Scenario: BOM Gradually Transfers Its 
Federal Helium Markee to Private Industry Under a New National Helium 
Act, Keyes Plant Shutdown in FY 1980. 


a. A new National Helium Act will be passed in FY 1979. 


&. BOM helium sales to Federal agencies are phased ouc gradually 
from FY 1980 to FY 1983. 


¢. Approximately 1.2 Bef of helium will not t extracted ac Keyes 
because of the shutdown ac che end of FY 1980. 


d. Private industry will add purification equisment to susply the 
shortfall in the helium market occasioned by the shucdown of 
the Keyes planet at the beginning of FY 1981. 


e. Private helium purification capacity will have to expand 
starting in FY 1986 by approximately 150 MMcfy in FY 1990 
and by approximately 500 MMcfy in FY 2000, in addicicn to Linde 
Digision's announced expansion of 3CO “iefy in 1978. 


£. Excess plant and equipment from the Keyes plane will be disposed 
of following the shutdown. : 
g- 30M continues conservation and storage, helium supply, demand, 
“ and resources surveys, research and development, purification 
and redelivery of private stored helium, etc. 
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Table 


4 


Employment, Division of Helium, Bureau of Mines 


Fiscal 
Year Base 
Case 
1978 238 
13795 238 
LISS 239 
1981 241 
1982 242 
1983 242 
1984 242 
1985 252 
1986 242 
1987 202 
1988 ue 
1989 202 
1990 202 
1991 oa 
eS eee 
1993 22s 
1994 oie 
1995 22 
1996 Pa tal 
1997 dy 
1998 Pal yi 
19399 Zee 
2000 Pai 


Full-Time Permanent Employment 


Phase 


Out 


238 


238 
238 


Snut 
Down 


Keyes plant shutdown. 360 MMcSy PSA unit added at Exell. 


First 360 MMcfy PSA unit added at Exell. 


Keyes plant shutdown. 


Second PSA unit added at Exell. 


Ten positions added to handle increasing Federal helium demand. 


Private stored helium inventory exhausted. 


shutdown. 


14 


Redelivery operations 


Table 5 > 7 
Total Market for U.S. Helium by User 


Percent 
of Domestic 
Sales 
Federally Funded: 
Agencies 35 
Contracts and Grants * zis 
Subtotal 32 
Private: 48 
Total Domestic Sales 100 


Exports: 


Total Sale of U.S. Helium 


—s 


* Requirements for helium under govermment contracts or grants 

need not be purchased from the Federal Government. In 1968, a court 
order struck down Federal regulations requiring Federal agency contractors 
to purchase helium requirements directly from the Bureau. The judge 
ruled that it was the intene of the Helium Act Amendments of 1960 thac 
Federally funded work use Federally produced helium. He recommended ¢ 
appropriate means to achieve this end was for the agencies to require i 
in the agencies' contracts with their contractors. The above 123 MMcf 
is not covered by such stipulations. 


Re 


Table 6 


Estimated Total Demand for U.S. Helium 1/ 
(MMcfy at 14.7 PSLA and 70° F) 


Year Federal 2/ Private Total 
1978 262 678 940 
1979 259 716 975 
1980 ae 6538 LOLO 
1981 3/2 672 1044 
1982 392 686 1078 
1983 412 700 eee 
1984 432 714 1146 
1985 452 728 1180 
1986 486 728 1214 
1987 520 gfe) 1248 
1988 B20 YIP ea 1282 
1989 589 728 1316 
1990 623 re 1350 
1991 640 744 1384 
1992 658 760 1418 
1993 675 fangs 1452 
1944 693 793 1486 
1945 710 810 1520 
1996 720 834 1554 
1997 FOL 857 1588 
1998 741 881 b62Z2 
1999 752 904 1656 
2000 £62 928 1690 


1l/ Interagency Helium Study, Feb.1978, pp. 86 and 88. 
_2/ Federal helium demand is determined by program needs and is 
assumed to be price inelastic 


NOTE: MMefy is "million cubic feet per year." 
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Table 7 
Base Case - Financial Accounts, fureau of Hines Continues Present tleltum Operations 
Under P.L. 86-777 
(Mibtsons of 78 Doblara) 
Fiecal Year 1978 1979 1980 19Ab = 1982 1983 1984 1985 1946 198) 1988 1989 1990 1995 2000 
Financing 1/ 


1. Purification and delivery of pure : 
helftus to Federal agencies 2/....... 10.6 $0.7 14.6 15.5 16.3 27.0 00.9 18.66 20.2 28.60 23.8 24.5 0 25.9 29.5 ND 


2. Storage, purffication, and delivery 
of private heldum ...........0-06. re 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Addittonal funding............. eee eT 0 v0 0 0 0 0 C2 a 0 0 0 0 0 0 
Total CecelPtO Plicccccccegcees Sie es 54.6) 5. Bl. 7 & 13.6 -@ 16.5 S172 SIG.L SURLY E980 4202) 52256 24.1 2555 28 SO ea 
Fund balance beginning ..... eee 7.7 ae 4.0 7.3 $0:2) 32.7) 09.4 27.0 35.4 65.2 57.8 90.69) 87.2 007.8 284.1 
Fund balence ending ..........--.45- 43,5 4.0 7.9 00.2 42.7) 09.4 «27.00 35.4 45.2) 57.8 90.9) 72 109.9 198.2 306.6 


1/) Income. Receipts and relmburaements for goods and aervicea, 
2/) Includes eatimate of transportation charges. 


sl 


* 


Table 6 


Base Case - Financtal Accounta, Bureau of Hines Continuea Present Heliua Operations Under P.L. 66-777 
(Mi titens of 78 Dollars) 


Flecal Year 1978 1979 1940 1981 $9862 198) 1904 1985 $966 196) 1968 1989 1990 1995 2000 
Program Obligations: 1/ 


1. Production and storage of 
crude helfum ......... siotenere. srs 1.7 1.5 1.5 0 0 0 0 0 0 0 0 0 0 0 0 


2. Purification and delivery of 
pure helflum to Federal 


agencies 
Keyee plant.....-..2eeeeees 1.4 9.3 3.) a2 3.3 3.) 3.4 3.3 3.4 0 0 i) 0 0 0 
Enel} plant.......... Getine 5.4 2.0 2.6 5.0 5.5 3.4 3.3 3.3 3.3 5.6 5.6 aut 5.8 ef 6.0 
Amaritilo plhant....... cima he 1.0 0.6 0.6 0.) 0.8 0.7 0.) 0.7 0.) 0.7? 0.) 0.) 0.? 0.) 0.) 
Sy ee ae ee Shea wk, wb OS bi be ee 0 ee 264 eo ee he ores 
3. Storege, purification, and 
delivery of private helbfun : 
Keyea plant.....ssesereeee tea 2 1.8 2.0 2.1 1.5 -5 1.6 1.5 0 0 0 0 0 0 
[CO Aiea ee Mes vam Le pare Pe reed I Yet Ps er ed ad Pome i eo rith erro re “ky Oe 
OE 0 ees er sieici ip oas 3.6 3.2 3.4 4.7 4.0 2.8 2.6 . 3.0 2.9 2.) 2.7 ane 2.) 2.6 2.6 
4. Wellum resources Investigations : 
and evaluations, supply/demand 
avelyece, and research and : 
development.......-ce--0. Sa 0.) 0.6 0.9 1.0 1.2 }32 b.4 i | b.t 1.0 1.0 i.1 1.0 0.9 0.9 
Pes PAE ee ee eee ors Woe? elt Le AG NG cid EES) LAAs. 90.0 10-07 1052 0 tea Re 


1/) ALL obi tigations asseased againet cost centers do not colncide wlth coat cepresentation tin charge atructure, 


Phase-Out Case 


Flecal Year 


Financing I/ 


Purification and delivery of 
pure helium ¢o Federal agencies... 


Storage, purification, end 


delivery of private hellum........ 
Addittonal funding............. aera 
Totel cecelpte......... erate Werte a el 
Fund balance begtoning..... Shecsteler => 
Fund balence ending...... Bcc MOET REC 


1/) Income. Recetpts and reimbursements for goods and services, 


- Financial Accounts, 
to Private Industry, Keyes Plant Operating 


(Mi tttona of 


1978 


1979 


19hO 


Table 9 


Hureau of Mines Gradually Transfers Ita 


soa 


76 Nollars) 


1982 


A 


198) 


2.0 


184 


1985 


1966 


Fedecal tellum Harcket 


198) 1988 1989 1990 


2.0 2.2 2.5 2.4 


2.1 2.0 1.9 1.5 


1.5 1.5 1.5 1.5 


1.5 1.5 1.5 1.5 


1995 2000 
0 0 

0 0 

1.2 1.2 
et 1.2 
1.5 1.5 
1.5 1.5 


Phase-Out Case 


Flecal Year 


Progcam Obligations j/ 


1. Production and storage of 
crude helfum............. eee 
2. Purtficatton and delivery of 
pure helfum to Federal 
agencieae 
KMeyeo plant.........06. : 
Exell plant..... MRS ae 
Amarillo plant......... . 
Subtotel............ 
3. Storage, purtfication, and 
delivery of private helfum 
Keyee plant....... atalaree 
Exell plant..... Bleraes (0.8 . 
Subtotal..... Btets sists) 
G&G. Wellum resources investiga- 
thons and evaluations, supply/ 
demand analyece, and cesearch 
and development...........4- ’ 
Total obligatione............... . 


Table 40 
- Financial Accounts, Bureau of Hines Gradually Transfers Its Federal Hellum Harket 
to Private Industry, Keyes Plant Operating 


(Hilttons of 786 Dollars) 


1978 1979 1980 p98) 1982 $983) 1984 1985) $986 1987) 1988 1989 1990 1995 2000 


‘Viho) FAL ee rH etree ree meer ree deer aba res ok 0 
Pee a hy wey ty Rs ag ee pee oa 0 0 0 0 0 0 0 0 
Feet. tbied ee gle batted BE BS ek Pe bee 0 0 0 0 0 0 0 0 
10 0060.9 0.7) 0.606«60.2 Ot 0 0 0 0 0 0 0 0 
SA sack SO 424 10 D5 De O6° 29-04 De De DAW we pas 
ior Oi Ske 6) ae oe A oe ap n) 0 0 0 0 
[ko foe Uy Ot CORN ey een iy ees Me AY bei AW oai wel) tigre tee) TE 0 
Tt ake Te ee eet a eee ie loathe or a he 


CAE fil eh ke ee eee) ee Ne We eee eee ep tcl Tie 


1/ Obligation assessed againat cost centera do not coincide with cost representation in charge structure, 


Table Jt 


Shut-Down Case - Financial Accounts, Bureau of Hines Gradually Transfers tis Federal Nellum 
Harket to Private Industry, Keyes Plant Shutdown 


(Hiltitons of 78 Dollars) 


Fiecal Vear 1976 1979 1940 1981 1982 3983 1984 $9865 1966 1987 19868 1989 4990 1995 2000 


Financing Vv 


lL. Purlfication and delivery of 
puce helium to Federal 


ABENClEd.. 2. .eceerer rescence eee 10.6 10.7 9.3 9.1 5.9 2.0 O 0 0 0 0 i) 0 0 0 
2. Storage, purtficetion, and 

delivery of private helfum..... 1.0 1.0 1.0 1.5 1.4 1.6 1.8 Sa 3:6 2.00) 2526 2.38 2.4770 0 

Additional funding.........5.65 0 0 07 0 0 0 0 1.2 25% 2502" (O72 Geile 8 1.2 t.2 

Total receiple.......- 2. ecceree 1b.6 00.7 1043 «10.2 23.3 2356 7h 8 j..0 2352 94.3 (2.4 9 26 9 264 1.2 1.2 

Fund balence beginning.......-- 1.7 1.5 4.2 4.) 6.3 4.6 3.1 6 £5 5h5 FES Fes 9b.) 1s 1.5 

Fund balance ending...... sigek epiannsie 3.5 4.2 4.1 6.3 4.6 43.1 1.6 Pe Ped Vow ene? Wir wee fe tot re a a Et '.35 1.5 


1/ Income, Receipts and retmburcements for gooda and aervices. 


Shut-Down Case - Financial Accounte, Bureau of Mines Gradually Transfers Ite Federal Helium 


Filecel Year 1978 


Program Obligations }/ 


lL. Production and storage of 
crude hellum.,........... easter acke 1.7 


2. Purification and delivery of 
puce hellium co Federal agencies 


Keyes plant......... ae ee 3.4 
2 FT) ern : 5.4 
Amarillo plant........0 20-000. 4.0 
UCM HR a eR es 6tl xs xcnsvensreie Ow) 
}. Storege, purification, and 
delivery of private helium 
REVERT RONG rc inte ots ciation. «5 ce os 1.9 
OE PY gee ee ee b.? 
Seimei hires, Ave aber cnc s (36 
4. Wellum resources Investigattonn 
and evaluations, supply/demawd 
analyees, and research and 
development......... Ss cuntorcy tices BORE 0.7 
Total obligationa ss? . 77 Fs, oe sie. & 15.8 


1/ ALL obtigattons ausesacd agatnat coat centers da not cofnetde ublth cost cepresentation bn charge structure. 


1979 


0 


1940 


10.4 


Table 
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Industry, Keyes Plant Shutdown 


(Hilitous of 78 Dollars) 


1961 


| 


= 
7 


8.0 


1982 


198) 


1984 


Lad 
a] 


1985 


c 


| 


$986 


1987 


1988 


a ecesc 


1989 


Macket to Private 


4990 «#1995 2000 


0 0 0 
0 0 0 
0 0 0 
0 0 0 
Om 0 One 
0 0 0 
bt 0 0 
ir 0 8a 
iodo the 82 
$e) ele tee 


( 


Yahle 1) 


Base Case - Helium Haterfial Nalance, Bureau of Hines Continues Present tHellum Opecations Under P.1.. H6-777 


(ttichy at 14.7 PSIA and 70° F) 


Fiscal Year 


Keyes Plant 1/ 


From Keyes fleld..... 


Federal helium salee.... 


To (from) Governuwent atorage 2/.... 
Peivate pure hellum redelivered.... 


Wellum from storage.. 


Exell Plant 


Federal helium sales.... 


eeounree ee 


(From) Government storage 2/,...... 
Peivete pure helium redelivered.... 


Nelius from etorage 2/.. 


Total 


Federal helium sales.... 


To (from) Government etorege....... 
Peiveate pure hellum cedelivered.... 
HNellum from storage 2/.......-.-- 


450 HHcfy capacity. 
Nelium fe from prior production at Keyea. 
Stored Keyes heltum depleted. 


1978 


331 
262 

69 
165 
116 


ecce 


262 

69 
145 
116 


1979 


329 
259 

70 
bHS 
45 


ococec 


259 

10 
185 
5 


1960 


294, 
265 

29 
AS 
156 


8) 
(87) 

0 

8) 


352 
(58) 
145 
243 


1981 


256 
265 
(9) 
185 
194 


"107 
(107) 
0 


107 


32 


(116) 


tas 
304 


1982 


392 
(169) 
165 
354 


989 


195 
265 
(70) 
165 
255 


147 
(147) 

0 

M4) 


412 
(217) 
$85 
402 


1984 


432 
(261) 
145 
446 


1985 


452 
(302) 
185 
4B) 


1966 


1987 | 


cecece 


520 
(520) 
165 
705 


520 
(520) 
165 
705 


1966 


oso ce 


555 
(555) 
105 
140 


355 
(555) 
VAS 
140 


1989 


eocceo 


589 


(509) 


145 
714 


589 


(589) 


bAS 
174 


1990 1995 
0 0 

0 0 

0 0 

0 0 

0 0 
623 710 
(629) 3/(710) 
185 185 
8.8 3/ 895 
62) 110 
(623) (710) 
185 185 
808 3/ 895 


200¢ 


eoococso 


7% 


Table 14 


Phase-Out Case - Helium Matertal Balance, fureau of Hines Gradually Transfers bts Federal Welfum Harket lo Pelvate Ind:itry, 
Keyes Plant Operat bog, ‘ 


(tticfy at 14.7 PSEA and 70°F) 


Fiecal Year 1978 1979 1980 1968 1982 1983) 1984 1965 1986 1967, 1948 1989 1990 1995 2000 


Keyes Plant 1/ 


From Keyes Fleld. ic, .. cc eee ewes 331 329 294 256 223 195 17) 150 123 O 0 it) 0 1) 0 
Federal helium sales, ....-.-.eceee 262 259 225 220 142 46 O 0 0 0 0 rT) 0 ct) 0 
To (from) Government storege...... 69 10 69 36 bl $47 70 150 4123. 060 1) 0 0 0 0 
Private pure heltum re- : 
delivered Hite Pom eaetric eteiavel dieters! « 185 165 202 251 304 356 390 )=64000 400s OO 0 0 0 0 0 
Helium from storage.......cceeeees 116 145 13) 215 223 209 219 250 277 0 0 1) 0 0 0 
Exell Plant 
Federal helfum sales.......... SORE 0 0 0 Os... 0 0° 0 0 0 0 0 0 0 0 0 
(From) Government alocage......+-- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Private pure helium 
cedelivered 2/............ woe 0 0 0 0 0 0 0 0 0 434 494 553 924 0 0 
Welium From etOrage.........+6. ica 0 0 0 0 0 0 0 0 0 434 494 553 52% 0 0 
Total 
Federal helfum salea........2.0% ; 262 259 225 220 442 46 0 0 0 0 0 0 0 0 0 
To (from) Goveriment storage..... 69 10 69 36 61 147 iva 150 123 0 0 0 0 0 0 
Private puce helium redelivered 2/ 1650 885) 202251 304 956) 90 400 400 494K 494 559 824 0 0 
Welfum from etCorage.......-.ee eee 116 §5 133 205 22) 209 219 250 27) 8434 494 $5) $24 0 0 


1/ 450 Micfy capactty. 
2/ Volumes greater than 400 tticfy vould be in crude form. 


Shut -Down Case 


Flhecal Year 


Keyes Plant Vv 


From Keyes fFleld. i... ccc eeceeee 
Federel helium salee......-..200- 
To (frow) Goverment storege..... 
Private pure hellum redelivered., 
flelium from eturage.........- eGo 


Exell Plant 


Federal helium salee........ aisle sie 
(From) Government storage......65 
Private pure helfum cedelivered 2/ 
Melium from olorege.........c00ee 


Totel 
Federel helfum sales... ...cceeee 
To (from) Government etorage..... 


Peivate pure helium cedelivered 2/ 
Welflum from etorage.....c.ceeecee 


1] 450 MHcfy capactty. 


1978 


331 
262 

69 
185 
116 


eeco 


262 
69 
185 
116 ~ 


- flelfum Haterfal Balance, Bureau of Hines Gradually Transfers Its Federal Mel tum 
Market to Peivate Industry, Keyes Plant Shutdown 


1979 


329 
259 

70 
185 
15 


ooce 


259 

70 
$65 
bi5 


(MHcfy at 14.7 PSIA aad 70°F) 


1980 


294 
225 

69 
202 
133 


cece 


225 

69 
202 
133 


Table 15. 


1901 


ecoest 


220 

(220), 
251 
474 


220 
(220) 
251 
471 


1902 1983) 1984 1985 


ecoocee 


142 
(142) 
304 
446 


142 
(142) 
3004 
446 


2/ Volumes greater than 400 tticfy would be in crude form. 


ececse 


48 
(48) 
356 
404 


48 
(48) 
356 
4O4 


soe 


0 
390 
ye 


eecees 


1946 


0 
1) 
400 
400 


1987 


ceces 


b9OHB 


eecee 


1989 


eceoecceo 


1990 


eeose 


1995 


cece eoeooce 


ecocek 


2000 


eeceo co occe 


oooo 


Study Topic 3 
Cancelling the Helium Debt 


Determine the feasibility and costs of (a) 
cancelling the outstanding helium debt, and 
(b) financing or supplementing the finances 
of the program by annual appropriations if 
Federal helium sales were to be discontinued. 


According to the Interagency Report, the financing of the Federal 
Helium Program is regulated by sections 6c, d, £, and 12 of the Heliun 
Act. aA "helium production fund" without fiscal year Limicarion was 
established to receive proceeds from the sale of Bureau helium and 
borrowings from the Treasury, and to disperse these funds as required 
for program operations, including purchases of crude helium and repay- 
ment of borrowings. j 


The statement of the financial condition of the Federal Helium Program 
as of October 1, 1977, is shown in Table 16. The principal assee is the 
helium purchased from 1962 to 1973. Approximately $360 million worth of 
helium was purchased during that period. Approximately $110 million 

of that amount came from operating income of the Bureau helium progran. 
The balance of approximately $250 million was borrowed from the Treasury. 
These borrowings, along with the net worth of the Helium Program Fund 
debe of 1960 of approximately $40 million, plus the compound interesc, 
constitute the major financial liability of the program. Repayments of 
31 million during each of the last 2 years and FY 1978 have been made 
from operating income. Compound interest is currently accruing at a 
tate of about $30 million per year, while total program receipts are 
about $12 million per year. Amounts are presented in Table 17. 


The Helium Act requires the Secretary of Interior to repay the principal 
plus compound interest by 1985. The Secretary may obtain a 10-year 
extension on this requirement if necessary. 


With the growth of private helium production during the 1960's and che 
sharp reduction in demand for Federal uses, actual sales of the Bureau 
of Mines have differed significantly from the expectations on which the 
debe repayment schedule was based. Under the business-as-usual base case 
(and even more so under the alternatives considered in this report), 

the debc will continue to grow. 


Based on current demand projections, it is unlikely thae the helium 
debt could ever by paid off under any scenario and the accounting burden 
it creates should be eliminated by an Act of Congress. Any surplus 
arising from current operation of the helium activity would be recurned 
to the Treasury in any event. 


26 


Table 16 = ¥ 


Bureau of Mines Division of Relium, Financial Condition, 
as of September 30, 1977 1/ 


Assets Liabilities and Net Worth 

Current Current 
ROCA OAS SEPME soo ch car. ws ceie OLD LL, 504;995 Tota SULA LLC LOS: «ceca oU, ooo yer 
Fixed Assets: 

Helium in Long -Tera 

underground Indebtedness 

storagepeye .. $590,196,710 Eon. S aie QS SUCY «a5 o's $466 451,156 

Plants, 

property, and 

equipment 

(met). +s ee - - $ 24,590,449 Total tdabilities... $497,309,383 

Total Total 

PCSOO PASBECS crisis cess cis ee oO ss) 51 lou NSCUWOTTOG cos vac ss lo Leo, see, ere 

; Total Liabilities... 
Total -ASSEES Ghose se eee 9025, 292, 154 and NecegWOrtn ...5.. 9O28,292, 154 


1/ Includes value of helium delivered under court-ordered injunction. 
2/ The value of the helium was determined by including purchase cost, 
interest charges, transportation cost to the storage facility, 
production costs of government helium, and pressure maintenance plant 
deprecation. 
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Table 17 _ = 


Helium Fund Debt and Estimates of Debt Growth Under Presence 
Operating Conditions, Million Dollars 


Cumulative 
Fiscal Year Principal 1/ Interest 1/ Tocal Debe 2/ 
1961 41 - 41 
1962 41 3 43 
1963 41 4 45 
1964 oF 5 42 
1965 aif rf 64 
1966 76 10 86 
1967 99 14 L13 
1968 129 19 148 
1969 145 26 LAL 
1970 sg 36 7A) 
1 prge 241 48 289 
se iae 285 64 349 
rie ae 286 83 369 
1974 286 104 390 
1975 286 126 412 
1976 285 150 435 
LS hey, 284 182 466 
Lo 8t 37, 283 210 493 
WeWice TRY 283 241 524 
1980 -3/ 283 aia 556 
1985 3/ 283 473 756 
169053) 283 756 ible Ee, 
e959 Saeed 283 Lee 1,442 


1/ Might have rounding error. 
2/ Principal plus compound interest. 
3/ Estimated. 
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Discussions with the Treasury Department have identified a model for 
the cancellation of this type of debt. A precedent is contained in 

the Defense Production Act Amendments of 1974 (P.L. 93-426, dated 
September 30, 1974). This Act, which amends and extends che Defense 
Production Act of 1950, cancelled the outstanding obligations to the 
Treasury accumulated under the borrowing authority, and substituted 
conventional appropriations methods for supporting future programs. 

The original borrowing authority was used to expand production capacity 
by various means, including purchases of materials for stockpiles. 
Anticipated future sales of stockpiled materials were to sustain the 
liquidity of the fund and repay the debe. For reasons beyond the 
control of the parties involved, these future sales did not materialize, 
and the debts continued to grow due to interest obligations. In the 
absence of legislation, the Defanse Production Act fund would have gone 
backrupe. 


Under the Defense Production Act Amendments of 1974, appropriations are 
required to cover the cost of new purchases as well as interest Daymencts 
on the value of the current inventory. Such a procedure would reflect 
the full costs of maintaining the inventory,both maintenance and 
financial costs, and would improve Congressional surveillance and control 
ef the program. It should be noted that the appropriations associated 
with the cases discussed in the preceding section do not include 
interest payments on the value of the helium inventory. 
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Study Topic 4 


Encourage Private Helium Storage 


Evaluate the desirability of policies which might be 
used to encourage extraction and storage of helium 
from fuel (high-Btu) gas, including the effectiveness 
of low storage fees, ready return, or other incentives 
for encouraging the storage of privately owned helium 
at the Cliffside reservoir. This might include examin- 
ing the feasibility and costs of encouraging the conserva- 
tion of helium by the private sector through amendments 
to the Internal Revenue Code to (a) permit the cost of 

. helium extraction and transportation for conservation 
and storage to be deducted as an expense for the year 
in which such expense is incurred, and (b) recapture 
such deductions at the time the helium is sold. 


In the past, several mechanisms for encouraging private storage of crude 
helium have been considered. Low storage fees at the Cliffside reservoir 
have been in operation since 1975. These fees are based an the incremental 
cost ($0.04/Mcf/year) of maintaining additional storage in the reservoir. 
Lower fees than that would be below the break-even Level, and violate 
current regulations which forbid operating at a loss. Since the 1975 

fee schedule has been in effect, eleven contracts for helium storage have 
been_signed. Net storage (total minus redeliveries) is currently about 

300 MMcf/year. 


If an increase in the rate of private storage is deemed desirable, a subsidy 
program could be designed chat would encourage the storage of additional 
private helium in Cliffside. Discussions with the Treasury Department 
have identified a tax credit as a possible mechanism for such a subsidy. 

A tax credit is equivalent to offering a fixed price subsidy for each 

unic of helium delivered to a designated storage facility. But in lieu of 
appropriations to the Department of the Interior to pay for such a program, 
a credit against income taxes would be allowed to storing companies. The 
total amoune of the tax credit must te deducted from the cost of goods 

sold when the storing companies determine taxable income. Tax credits 

have been used in other programs, such as the jobs program, and are 
considered by Treasury as an effective and manageable mechanism for provid- 
ing tax incentives. 
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A tax credit for helium storage would avoid the controversy over costs 
of production that has arisen in the current helium litigation. No 
cost figures need be proved, and each company would base its decision 
to store helium on internal calculations. In addition, administration 
of the program is relatively straightforward, since it only depends on 
an accurate measure of the amount of stored heliun. 


The level of the tax credit would be set by Congress, and could be adjusted 
by Congress from time to time to suit changing policy goals. 


Those companies using Cliffside to hold working inventories would not 
be given a credit on helium put into Cliffside when a like amoune is 
redelivered either as crude or in purified form. The tax credit should 


_be structured so that companies are given a tax credit only for net 


additions to their stored quantities each year after the effective date 
of the tax credit. 


According to the Bureau of Mines estimates of depleting proved and probable 
natural gas, there will be a surplus of helium available for processing 
between now and the end of the century. During this period, the gas 
processing plants that have access to the heliumerich gas streams will 
have available about 50 Bcf of helium, of which 16 Bcf are estimated to 

be required to satisfy private market demand. The remaining 34 Bcf could 
be available for storage in the Cliffside facility. 


Since these plants already exist, and the incremental costs of extracting 
much of the helium and delivering that helium to storage are relatively 
small, a relatively low tax credit could result in signficant additions 
to storage. ; 

For a tax credit in the range of $2-$5/Mcf, the total tax credit for the 
estimated 4.4 Bcf available for storage in 1979 would be between $8.8 
million and $22 million, and $68-$170 million for the entire 34 Bcf 
estimated to be available between now and the year 2000. 


Determining the appropriate level of the tax credit will depend on balancing 
the credic level with the amouns of stored helium desired.‘ High credit 
levels could result in high storage levels, and could possibly encourage 

the construction of additional helium extraction capacity. 


The effectiveness of a tax credit is difficult to assess. Currently, there 
is only one company venting helium to the atmosphere (at a rate of 600 
MMcf/year). This firm's involvement in litigation over the cancellation 
of the helium contracts and the setting of a reasonable royalty rate for 


4) helium may override any incentives that might be created by a tax credit. 
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Study Topic 5 
Assess the Keyes Plant Role 


Appraise on a regular basis the role of the Keyes 
plant and other government helium properties in 
meecing che national needs for pure helium produc- 
tion. One issue might be utilization of the Keyes 
plant to supplement private production as needed 

if government helium sales were to be phased out. 


Federal helium facilities are located in the northern portion of the 
Texas Panhandle, the Oklahoma Panhandle, and southwestern Kansas. 

These facilities consist of two helium plants located near Keyes, 

Oklahoma and Masterson, Texas; a transportation service, liquefaction, 

and repair service plant in Amarillo, Texas; general field manage- 

ment and program.offices in downtown Amarillo; the Cliffside Gas Field 

18 miles northwest of Amarillo; and a 425 mile pipeline system connect- 
ing the three government plants and the former contractor plants to the 
storage reservoir (Cliffside Field). This pipeline was used from 1962 
until 1973 to transport and store helium purchased from former contractors 
and excess helium produced at Bureau plants. It is in use today for 
transporting helium from the government's helium plants at Keyes, Oklahoma, 
and Masterson, Texas, and to and from some of the companies that have 
contracts with the Bureau for storage of privately owned helium. The 
Keyes plant extracts and purifies helium. Table 18 shows the capacities 

of the Keyes and Exell plants. The Exell plant performs helium process- 
ing operations for conservation storage, and serves as a back-up purifica- 
tion tacility for Keyes. Figures 1 through 6 show the locations and 
functions of all the Bureau of Mines helium facilities. Figure 7 shows 
the location of toch Federal and private helium plants in the Hugoton- 
Panhandle area. a 
The Keyes plant is extracting helium from the natural gas produced fr 

the Keyes field under a life-of-che-field contract. This field will 

be nearly depleted by 1986. The Xeyes planet will be of Little use then 
because of its location and design. However, the planned improvements 

and additions to Exell shown in Table 18 will bring that plane's capacity 
to 1,944 MMcfy of crude and 601 MMcfy of pure helium by the middle 
1980's. 


Estimated total future helium demand can be met by existing and planned 
private and Federal facilities at least through 1990. Private produc- 
tion capacity has kept pace with private helium demand over the past 

10 years, and there is no reason to believe that this will not continue 
in the future. Currently, private pure helium capacity is 599 MMcfy 

as shown in Table 19, An additional 300 MMcfy of pure helium capacity is 
now under construction at the Northern Hdelex Plant in Bushton, Kansas. 
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This expansion incorporates a new non-cryogenic helium purification 

process called pressure swing adsorption (PSA) that can produce high- - 
purity helium from crude helium at about one-fourth the cost of 

cryogenic purification. If the PSA process proves successful at this 

large scale, the proposed mid-1980's expansion of the Exell facility 

may incorporate the PSA technology. 


Table 18 


Bureau of Mines Capacity of Helium Extraction and Purificacion 
(MMcfy at 14.7 PSIA and 70°F) 


Plant ‘Annual Design Capacity 
. Crude Pure 
Keyes Helium Piant - existing Slivl?/ 450 
Exell Helium Plant - existing 1,944 2/ is 
Additional equipment operational by 1979 3/ 241 
Proposed equipment operational by 1985 4/ 360 
| 2,455 1,051 5/ 


sss sssssesssne 


‘1/ Design capacity. Crude extraction will drop as the Keyes field 
depletes. ; 

2/ Unit Il is operated to accommodate the helium storage program. 

3/ New purifier being obtained by contract. 

4/ Pressure-swing adsorption purification unit. 

5/ Operation of the old Exell purifiers (72 MMcfy capacity) would 


be discontinued after the proposed pressure swing unit is 
operational. 


; Table 19 
Summary of Private Wellum Production Capacity and Employment 
(All volumes in MMcfy at 14.7 PSIA & 70°F) 
: Estimated 
Plant, Design Capacity Natural Gas Helium Emp loyment 
Plant A ree Reserves Reserves’ Related to 
Crude | Pure Nelium 
Former Crude Helium Contractora 

Cities Service Helex 73 , 3,169,195 13,626 55 
Northern Hlelex 798 152/- 3,011,545 11,035 573/ 
Phillips Petroleum Ly 

Dumas 656L/ 

Sherman 607 452,176 3,165 7 
Natfonal Helium Corp. 1,210!/ 

— Other Private Plants 
Alamo Chemical Corporation 168 168 19,609 442 25 
Cities Service Cryogenics * 203 203 944,840 4,460 12 
Kaneae Refined Helium 105 153 45,100 1,891 20 
Western Helium Corp. nl n1/ 
2,583 599 7,702,465 34,621 176 


Total (excludes nonoperating 
plants) 


1/ Plante not operating and not expected to restart. 
22/ Linde purification addition to Helex. 
3/ 


Includes 50 employees at Northern Helex and 7 at the Linde purificatic-a facility. 


w Table 20 ed wa 


U.8. Private Industry High-Purity Helium Sales 1/, Calendar Year 1961-1977 


. _ (Million Cubic Feet at 14,7 PSIA and 70°F) 
Date of ; : 
Plant Operation 1961 1962 1963 1966 1965 1966 1967 1966 1969 1970 1971 1972 1973 1976 1975 1976 1977 
Kerr-HcGee 11/61 2 Bite 35 fom SG 6}. 76 GSE SK Bist 57588 | 
Kanses Refined Reltus 4/66 = 75 198 156 22 ANP 197) 198 1490 KA NANA 152 
Greenwood 12/66 ~ y 8? 102 109 96 86 110 106 NA NA NA 156 
Linde Diviston)/ 9/61-10/68 ~ £4 ,-J0p See. = Heri - i _- 
Cities Service Cryogenics 10/68 | 3 - 19 WL 160 120 136 162 NA NA NA 282 
Teec Nos Post! 5/68-9/69 - 2/ 2 - - - = Rae, ss ad 
Havejo 10/68-9/69 a 13 a - - + - - - - 
Uestern Neliua 10/68-9/693/ tf 2h ie 
3/72 : 
5 Total Sales 2 30 «354K CSC «300 37K = KOK 416 600 450 467 530 562 5748! — s908/ 
cn 


MA - Not availeble 
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Helfiun sales from 1961 through 1967. are generally based on the Bureau's knowledge of the helium market 

and contacts with helium producers and suppliers. From 1968-1973, the helium sales volumes were furnished 
by the private companies. No data on individual plant sales are available from 1974 to 1976. The 1977 
data were obtained from the private compantes. 

Sales less than 1 Hicf. 

Linde (at Amarillo, Texas) purified crude helium purchased from Cities Service. 

Moat of the helfum produced at this plant wae puriffed at the Navajo plant. 

Plant closed but resumed intermittent operations in 1975. 


Does not include 49 Hicf of pure helium redelivered to private companten from Bureau ‘production in 1976 of 
202 tticf redelivered to private companics from Bureau production in 1977. 
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| HELIUM OPERATIONS 
HIFIELD OFFICES, HERRING PLAZA 
: AMARILLO, TEXAS 


a cS FUNCTION: General maneage- 
en - ai Fos] ment of f ield operations of 


“4 Helium Program. 


| STAFF: 6 (OGMHO) 


“1 FUNCTION: Funetione! menage- 
; ment for Branches of Helium Re- 
SATANTA PIPELINE > — sources, Production, Engineering, 

MAINTENANCE STATION and Administration. 
; 2 Sy Agee: 


FUNCTION: General business 
management and administration 
of 14X4053 helium fund end 
SOCFRS&O 1-2. 

STAFF: 46 (Br. of Administration) 


FUNCTION: Helium resources 
evaluation of the United States - 
Branch of Helium Resources. 


STAFF: 5 


FUNCTION: Engineering serv- 
ices — Branch of Helium Resources 
(Section of Natural Ges Engineer 
ing) end 8ranch of Engineering 
(Sections of Chemical, Mechani- 
eal, and Engineering Drefting). 


STAFF: 23 
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GAS FIELDS AND L/FFSIDE 
STORAGE OPERATORS S.. 


| AMARILLO \o taba. , 
45 ‘| 


HELIUM PLANT 


HELIUM OPERATIONS FIELD OFFICES 88 TOTAL 88 
OPERATING FUNCTIONS AND STAFFING REQUIREMENTS 


HELIUM OPERATIONS FIELD OFFICES 


AMARILLO, TEXAS 


Figure 2 - Amarillo Field Office 
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at AMARILLO HELIUM PLANT 
ys SONCY, TEXAS 


=] FUNCTION: Supplies all Federal 
“4 needs for helium in cylinders, 
maintenance and testing of cylin- 
ders, and production and shipment 
of liquid helium in 100 and 500 
liter dewars. Performs specialized 
repair, maintenance, and fabrica= 
tion services for all Helium 
Operctions equipment. 
STAFF: 34 (Branch of Production) 
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KEYES HELIUM 
PLANT 
Bi Ae 
FUNCTION: Provides technical 
services for all analytical require= 
ments; prepares gaseous standards; 


% and operates central lab facilities. 
| i : ee STAFF: 11 (Branch of Engineering) 
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OPERATING FUNCTIONS AND STAFFING REQUIREMENTS 


AMARILLO HELIUM PLANT SONCY, TEXAS 


Figure 3 - Amarillo Plant 
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SATANTA PIPELINE 
VBR WAINTENANCE STATION 


KEYES HELIUM PLANT 
KEYES, OKLAHOMA 


FUNCTION: (1) Produces helium 
to meet essential federal needs; 
(2) maintains all railway and aute= 
eee é ye motive trailer transportation equip- 
: ment; (3) ships all helium in rail- 


| 
| ; 
EXELL HELIUM wv way tank cars and all automotive 
he Hal A : semitrailers; (4) transmits all 
“GAS FIELDS helium production above current 
| CLIFF SIDE FIELD = aus needs to Cliffside storage via pipe= 
“ea line; and (5) redelivers stored heli- 
| AMARILLO 'H um to private industry per storage 


HELIUM PLANT & contrects. 


STAFF: 61 (Branch of Production) 


HELIUM OPERATIONS \__ 3 (Branch of Engineering) 
FIELD OFFICES ‘| TOTAL: 64 
88 


OPERATING FUNCTIONS AND STAFFING REQUIREMENTS 
KEYES HELIUM PLANT KEYES, OKLAHOMA 


45 


Figure 4 - Keyes Plant . 
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Ae 


EXELL HELIUM PLANT 
MASTERSON, TEXAS 


FUNCTION: Performs helium 
processing operctions f tor conser 
vation storage. Back-up purifi- 
cation for Keyes. 

STAFF: 40 (Branch of Production) 
2 (Branch of Engineering) 


TEs ax eee ey TOTAL: 42 
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OPERATING FUNCTIONS AND STAFFING REQUIREMENTS 
EXELL HELIUM PLANT MASTERSON, TEXAS 


Figure 5 - Exell Plant 
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SATANTA PIPELINE 
MAINTENANCE STATION 
SATANTA, KANSAS 


4 FUNCTION: Maintains end 
| forestalls any potential damage 
to crude helium pipeline. 
STAFF: 2 (Branch of Helium 
Resources) 


GAS FIELDS AND STORAGE 
OPERATIONS 
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maintains (1) national helium 
LEED storage reservoir; (2) native gov 
| fGeg Ae ernment = owned natural gas res= 
a ervoir; (3) 450- mile pipeline 


‘ PLANT system connecting Keyes, Exell, 
fs) —— and several commercial plants 
into helium storage reservoir. 
STAFF: 11 (Branch of Helium 
Resources) 
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@ Figure 6 - Cliffside and Satanta Facilities 
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Figure 7 - Bureau of Mines and Private Plants 


Study Topic 6 
Review DOI Helium Authority 


Review the legislated authority of the Secretary of the 
Interior to establish or continue policies that reserve 


or recover the helium from nondepleting and depleting 
reserves on Federal lands. 


The Mineral Lands and Leasing Act of 1920 reserved all helium found 
on Federal oil and gas leases to the United States; 


"Provided, that the United States reserves the 
right to extract helium from all gas produced 

from lands permitted, leased, or otherwise 
granted under the provisions of this Act, under 
such rules and regulations as shall be prescribed 
by the Secretary of the Interior. Provided further, 
that in the extraction of helium from gas produced 
from such lands, it shall be so extracted as to 
cause no substantial delay in the delivery of gas 
produced from the well to the purchaser thereof." 


The 1960 Helium Act amendments reserve to the United States the owner- 
ship and right to extract helium from any known helium gas-bearing 
land on miblic domain not covered by the 1920 Act. Whether in non- 


depleting or depleting reserves, helium on Federal lands, leased or 
mot, belongs to the Federal Government. 


As discussed in the Recent Developments Section, the Tip Top field, 
a major non-depleting field on Federal land, may come into production 
in the near future. The Departmental Solicitor is currently reviewing 


the legal implications of this development under the Secretary's legal 
authority. 
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Study Topic 7 
Assess Technology and Research 


Assess existing technology to determine the advantages 
of and to set priorities for possible basic research, 
including the following: 


(a) Economic processes for recovering helium from 
gases with lean helium contents. 


(b) Helium recovery from industrial gas production and 
LNG plants. 


(c) Helium recovery from the atmosphere. 


(d) Technologies that conserve helium. 


The Interagency Helium Committee identified technology assessment and 
research as an area of future activity. Authority for such work exists 
in Section 4 of the Helium Act of 1960, which among other things 
authorizes the Secretary of the Interior to "...conduct or contract 
with public and private parties for experimentation and research to 
discover new helium supplies and to improve processes and methods of 


helium production, purification, transportation, liquefaction, storage, 
and nein 2a cine: 


Currently, Interior, through the Bureau of Mines, conducts a continuous 
program of analyzing samples of natural gas from new gas field discoveries 
worldwide to identify new sources of helium. Work is being done to 
evaluate the possibility of identifying helium-bdearing gas reservoirs 
through analyses of gases evolving from near-surface ground water. For 
this work, very accurate analytical instruments and methods are necessary 
and are being developed by the Bureau. Some developmental work is being 
pursued to design a small, portable helium extraction unit for use at 
helium-bearing gas fields with short-lived reserves. 


The level of expenditure on these projects is not expected to change 
significantly in the foreseeable future because of the over-abundance 

of economic helium that will be available for the next 20 years or more. 
Large expenditures by the government to conduct research to develop new 
helium extraction processes do not seem justified at this time. Moreover, 
there is a large private helium industry capable of doing such research, 
if and when a need arises. The Bureau of Mines plans to continue helium 
resources assessments and other experimentation as outlined above until 

a need for increased efforts is established through periodic studies 

of the Nation's helium supply/demand outlook. 


Study Topic 8 
Regular Review of Helium Position 


Having the Department of the Interior fointly 
examine with major Federal users (currently DOD, 
NASA, and DOE) any important changes in the 
Status of the Nation's helium supply/demand 
Situation, at least every 5 years. 


The Bureau of Mines Helium Division regularly monitors domestic helium 
resources, reserves, and production capacity. Helium supply estimates 
compiled by the Bureau are continuously updated, as are production 
cost estimates from a wide range of gas streams. These estimates are 
based on natural gas reservoir and gas processing engineering studies 
which permit a relatively high degree of accuracy. In the future, the 
Bureau could improve its international coverage by emphasizing helium 


resource, reserve, production capacity, and supply/demand studies on 
a worldwide basis. 


Demand estimates present a very different set of problems. The near- 
term demand for helium can be estimated with some accuracy on the 

basis of existing and announced private and government programs. Long- 
term demand depends on events and changes in technology that are very 
difficult to predict. As the government agencies that would participate 
in an interagency review group are engaged in research which could 

lead to significant changes in helium demand, regular exchanges of 
information and opinion would lead to an improved understanding of the 
likely future helium demand situation. Consideration should be given 


to inviting participants from the private helium industry in such 
exchanges. 
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Recent Development - The Tip Top Field 


Of the total helium resources that are comingled with known natural 
gas, 85.3 Bcf are considered "nondepleting"; that is, they are 
located in gas fields that are not being produced or are not Likely 
to be produced in the foreseeable future. Of this amount, 60 Bef 

are located on Federal lands. According to a preliminary resource 
estimate made in 1974, about 44 Bcf of the Federally owned, non- 
depleting resources are in the Tip Top field in southwest Wyoming. 
This 1974 estimate indicates that the volume of all gases in Tip Top 
may exceed 5 trillion cubic feet (Table 22). Additional drilling 

may produce information that could significantly change this estimate. 


Recently, Mobil Oil Corporation and Northwest Gas Pipeline Corporation 
announced plans to begin producing natural gas from the heliumerich 
deep zones of the Tip Top field by 1982 (Table 21). 


Table 21 
Tip Top Field Three Well Development Flan 


August 1, 1978 - Spud first well 

May 1 - May 30, 1979 - Test well potential 
Sly eve - Spud second well 

April 1 - April 30, 1980 - Test well potential 
June 1, 1980 - Spud third well 

March 1 - March 30, 1981 - Test well potential 


April 1, 1981 


December 31, 1981 - Processing plant construction 


April 1, 1981 


1990 - Field development drilling 


January 1982 Production start-up 


The three-well development plan shown in Table 21 would permit produc- 
tion of about 40 million cubic feet per day of native gas at an annual 
rate of approximately 100 million cubic feet of helium per year. Tenta- 
tive project plans include 27 wells and a production rate of 350 MMcid. 
Should the 27-well program be completed, between 900 million and 1 billion 
cubic feet of helium per year would be available for up to 40 years. 

No firm date has been set for completion of the 27-well plan. 


Table 22 
Tip Top Field Resource Estimates * 
(MMcf) 
Total Gas Helium 
Proved 778,860 pas BB ood) 
Probable 4,882,478 38 ,486.7 
Sum 5,661,338 44,614.2 


* From D. M. Madden, Reserves and Geologic Study Helium 
Bearing Formations, Tip Top Unit, Sublette County, 
Wyoming; Fusselman, Winn, and Madden (Registered 
Professional Engineers), Casper, Wyoming, February Ll, 
1974. 


The Tip Top field was considered nondepleting because the natural 

gas in the four deepest zones is mixed with significant amounts of 
carbon dioxide (C02), nitrogen, hydrogen sulfide (H2S), and about 0.8% 
helium. As a result, its heating value averages only about 250 Btu. 
However, Northwest Gas Pipeline Corporation plans to mild 2 non- 
cryogenic plant that will remove the CO? and H2S but not the nitrogen 
and helium. The helium would simply be sent along with the methane, 
and released to the atmosphere when the gas is burned. This process 
produces a gas of about 730 Btu, which will be Wended with higher 

Btu gas to achieve pipeline-quality gas. If the 27 well program is 
completed, the large flow rate of low Btu gas would require correspond- 
ingly large volumes of high-Btu gas for blending. If these volumes 
of gas are not available, it may also be necessary to remove the 
nitrogen and helium to obtain a higher quality gas. 


The Department of the Interior is following Mobil-Northwest plans closely. 
Helium removal equipment could be installed in cooperation with these 
firms at several stages in the field development. Because this field 
contains not only 72% of Federal 'nondepleting’” resources, tut also 
53% of total U.S. nondepleting resources, Federal decisions 
concerning the Tip Top field warrant careful consideration. The 
Departmental Solicitor has begun a review of the legal implications 
of Tip Top development. The Bureau of Mines is investigating the 
problems associated with the Tip Top development. 
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APPENDIX A 


U.S. Helium Resources: 1978-2000 
Figure A-1: Potential Gas Committee Map 


Table A-l: Projected Production of Helium and Natural 
: Gas in the United States 


Table A-2 through A-13: Projected Production of Helium 
and Natural Gas by PGC Area 


Table A-14: Helium Content of Nondepleting Helium 
Resources in the United States 


@...... Map 


Figure A-1l 
Potential Gas 
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Year 


1978 
1979 
1980 
198) 
1962 
1983 
1984 
1985 
1986 
19487 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


Gas 
Product - 
jon 
From 
Proved 


Resources 


19607. 
19302. 
17132. 
15139, 
13449. 
12004, 
10761. 
9687. 
8752. 
7935. 
7218. 
6585. 
6026. 
5528. 
5084, 
4687. 
4330. 
4010. 
3720. 
3458. 
3170. 
3004. 
2807. 


Gas 
Helium Product - 
Contained ion 
in From 
Produced Probable 
Gas Resources 
15,25 0. 
15.01 a. 
13.31 1829. 
11.74 3456. 
9.52 4878. 
8.26 $995. 
2.12 7011. 
6.258 7722. 
5.45 8536. 
4.79 9145. 
4.36' 9552. 
3.97 9959 
3.63 10162 
3.33 10366 
3.07 10569 
2.83 10671 
2.61 10874 
2.43 10243 
2.24 9236 
2.09 8359, 
1.95 7589. 
1.82 6913 
1.70 6315 


Table A-12 Projected Production of Helium and Natural Gas in the United States 


(All Volumes in Billion Cubic Pect @ 14.70 P.S.1.A, and 70° F) 


Helium 


Contained 


in 


Produced 


Gas 


NDA WwWWae hd Sl fLo SPS SPvwWwWwWYe NHK CCS 
. * e . . ° . . e 7 ° e ° e e e e ° ° . ° . ° 


Gaus 
Product - 
ion trom 
Proved 
and 
Probable 


Resources 


19607, 
19302. 
18962. 
$8595. 
18327. 
17999. 
17772. 
17409. 
17288. 
1708). 
16770. 
16544, 
16188. 
$5894. 
15653. 
15358. 
15204. 
14254. 
12956. 
11817. 
10759. 

9916. 

9122. 


ie} duu 
Contained 
in 
Produced 


Gas 


15.25 
15.01 
34.17 
13.37 
11.72 
10,93 


10,29 


9.65 
9.17 
8.75 
8.49 
8.28 
8.02 
7.81 
7.63 
7.45 
7.31 
6.85 
6.24 
5.71 
5.22 
4.80 
4.42 


Gas 

Product - 
Gas ion From 
Product- Ilclium Proved 
ion Contained Probable 
From in and 


Possible Produced Possible 


Resources Gas Resource 
0. 0.00 19607. 
0. 0.00 19302. 
0. 0.00 18692. 
0. 0.00 18595. 
0. 0.00 18327. 
0. 0.00 17999. 
0. 0.00 17772. 
oO. 0.00 17409. 
0. 0.00 17288. 
O. 0.00 17081. 
0. 0.00 16770. 
0. 0.00 16544, 
0. 0.00 161388. 
0. 0.00 15894. 
QO. 6.00 15653. 
0. 0.00 15358. 
0. 0.00 159204. 
610 0.29 14863. 
1624 0.77 1458). 
2538 1.22 14355. 
3554 Volz 14314. 
3961 1.91 13877. 
4570. 2.20 13691. 


Gas 
Product - 
Nelium ion From 
Contained al) Cate- 
in gories 
Produced of 
Gas Resources 
18.25 19607. 
15.0) 19302. 
14.17 18692, 
13.37 18595. 
$1.7) 18327. 
10.93 17999. 
10.29 17772. 
9.65 17409. 
9.17 17288. 
8.75 17081. 
8.49 16770. 
8.28 16544. 
8.02 16188. 
7.8) 15894, 
7.63 15653. 
7.45 35358. 
ay AY 18204. 
7.16 14863. 
7.01 14581. 
6.93 14355. 
6.84 14314. 
6.71 13877. 
6.62 1369). 


Helium 


Contai 
in all 
Gas 


Production 


AOoeooerrnnwnrwrwnN OeOeaevev 


ned 


TS 


Year 


1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


Gas 


Product - 
jon 
From 
Proved 


Resources 
— 


670, 
660. 
585. 
516. 
409. 
352. 
303. 
261. 
226. 
196. 
178. 
163. 
149. 
137. 
126. 
116. 
107. 

99. 

92. 

85. 

80. 

74. 

69. 


ilelium 
Contained 


in 


Produced 


Gas 


Sececeocececeecreerororrerorecrse 


-63 
-62 
a) 


Table A-2: 


Projected Production of Melium and Natural Gas in PGC Area A 


(A11 Volumes in Billiton Cubic Feet @ 14.70 P.S.1.A. and 70° Ff) 


Gas 
Product - 
jon 

From 
Probable 


0, 


Helium 


Contained 


in 


Produced 
Resources Gas 


Se ee tee se Se eo ES Se Eo Saree re ee 


Gas 
Product- 
jon From 
Proved 
and 
Probable 


tesources 


670. 
660. 
823. 
965. 
1008, 
1079. 
1142, 
1173. 
1221. 
1248. 
1277. 
1308. 
1318. 
1329, 
1341. 
1343, 
1358. 
1277. 
1154, 
1047. 
953. 
869. 
796. 


‘ 


ile dium 

Contained 

in 

Produced 
Gas 


0.63 
0.62 
0.77 
0.9) 
0.95 
1.01 
1.07 
1.30 
1.15 
1.17 
1.20 
1.23 
1.24 
3.25 
1.26 
1.26 
1.28 
1.20 
1.08 
0.98 
0.90 
0.82 
0.75 


Gas 


Product - 
jon 

From 
Possible 


Resources: 


* 


Scecoececececeoceccs 


ile b bum 

Contained 

in 

Produced 
Gas 


S 
cS 
i—) 


secc 
oces 


ec 
a) 


ocoeceecc 
oecc 


eSeoereceoeccececcecececee 
3 ne et es 
i=) 


Gas 
Product - 
ion From 
Proved 
Probable 
and 
Possible 


Resource 


670. 

660. 

623. 

965, 
1008. 
1079. 
1142. 
1173. 
1221. 
1248. 
1277. 
1308. 
1318. 
1329. 
1341. 
1343. 
1358. 
1292. 
1194, 
b1io. 
1040. 

967. 

909. 


Helium 


Contained 


in 
Produced 
Gas 


.63 
.62 
mi BE 
91 
95 


Re £7.28 
So 


Gas 
Product - 
ion From 
all Cate- 
gories 

of 


Resources 


670. 

660. 

823. 

965. 
1008. 
1079. 
1142. 
1173. 
122). 
3248, 
1277. 
1308. 
1318. 
1329. 
134). 
1343. 
1358. 
3292. 
1194. 
1110. 
1040. 

967. 

909. 


Helium 


Contained 


in all 


Gas 


Production 


cs 


Year 


1978 
1979 
1980 
1981 
1982 


1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
199) 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


Gas 
Product - 
ion 
From 
Proved 


Resources 
Lobb beet Res 


209. 
206. 


183. 


Helium 
Contained 


in 


Produced 


Gas 


ecccoeoceooooooococececececcce 


10 


.09 
.08 
07 
. 06 


.0S 


04 
.04 


035 


-03 
.03 
.02 
.02 
.02 


Table A-3: Projected Production of Meliwa and Natural Gas in PGC Area B 


(AIL Volumes in Bilbion Cubic Feet @ 14.70 P.S.1.A, and 70° F) 


Gas 
Product- Ilebium 
jon Contuined 
From in 
Probable Produced 
Resources Gas 
0.° 0.00 
0. 0.00 
47. 0.02 
89. 0.04 
119. 0.05 
145. 0.07 
167, 0.08 
182. 0.08 
198. 0.09 
210 0.10 
219. 0.10 
228. 0.10 
233. 0.32 
238. 0.1) 
242. 0.1) 
245. 0.1) 
249. 0.)) 
235. 0.1) 
2412 0.10 
192. 0.09 
174. 0.08 
158. 0.07 
0. 


Gas 
Product - 
ion From 
Proved 
and 
Probable 


Resources 


209. 
206. 
230, 
250. 
247. 
258. 
262. 
263. 
269. 
271. 
275. 
279. 
279. 
280. 
281. 
281. 
283. 
266. 
240. 
218. 
199. 
162. 
166. 


He} ium 

Contained 
in 
Produced 


Gas 


eceoocoeocecceccoeeceroce 


ecc 
eee 


eco c eo 


° 


ee 
CS —  & & & & HH & 


Gas 
Product - 

Gas ion From 
Product- Uelium Proved 
ion Contained Probable 
From in and 
Possible Produced. Possible 
Resources Gas Resource 

0. 0.00 209. 

a. 0.00 206. 

0. 0.00 230. 

0. 0.00 250, 

0. 0.00 247. 

0. 0.00 255. 

0. 0.00 262. 

0. 0.00 263. 

0. 0.00 269. 

0. 0.00 271. 

0. 0.00 275. 

0. 0.00 279. 

0. 0.00 279. 

0. 0.00 280. 

0. 0.00 281. 

0, 0.00 281. 

0. 0.00 283. 

10. 0.00 276. 

7a 0.01 267. 

42. 0.02 260. 

58. 0.03 257. 

6S. 0.03 247. 

75. 0.03 241. 


{le }ium 


Gas 
Product- 
jon From 


Contained all Cate- 


in 


gories 


Produced of 


eccecccoceccooeocececoceoeeoceoce 


Gas 


Resources 


209, 
206. 
230. 
250. 
247, 
255. 
262. 
263. 
269. 
271. 
275. 
78 
279. 
280, 
281. 
281. 
283. 
276. 
267. 
260. 
257. 
247. 
241. 


Me lium 
Contained 
in all 

Gas 
Producti’: 


0.10 
0.09 
0.11 


0.12 
0.}1 


0.12 
0.12 
0.12 
0.12 
0.12 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.33 
0.32 
0.12 
0.12 
ae 
0.11 


es 


Year 


1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
19869 
1990 
199) 
1992 
1993 
1994 
1995 
1996 
3997 
1998 
1999 
2000 


Gas 
Product - 
jon 
From 
Proved 


Resources 


209. 
206. 
183. 
16). 
128. 
)10. 
94. 
61. 
70. 
61. 
56. 
St. 
46. 
43. 
s3; 
36. 
33. 
31. 
*9. 
ais 
25. 
a Pe 
reo 


Table A-4: Projected Production of ilelium and Natural Gas in PGC Area C 


Ne lium 

Contained 

in 

Produced 
Gas 


0.34 
0.33 
0.30 
0.26 
0.21 
0.18 

0.15 
0.13 
0.11 
0.10 
0.09 
0.08 
0.08 
0.07 
0.06 
0.06 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.04 


(All Volumes in Billion Cubic Feet @ 14.70 P.S.1.A. and 70° F) 


Gas 
Product - 
ion 
from 


Probable Produced 
Resources 


we eewovresteo = & 


Medium 


Contained 


in 


Gas 


eoococececcececceceocoecceccece 


Gas 
Product - 
jon Frou 
Proved 
and- 
Probable 


Resources 


209. 
206. . 
185. 
165. 
133. 


Helium 
Contained 
in 
Produced 
. Gas 


0.34 
0.33 
0.30 
0.27 
0,21 
0.19 


0.11 


cocoeocececooocee 
i= 
~ 


Gas 

Product - 
Gas ion From 
Product- lelium Proved 
ion Contained Probable 
From in and 


Possible Produced Possible 
Resources Gas 


209. 
206. 
185. 
165. 


ccescceocoeseceeosoeoeoceoooecs 
SnNonwe & 


weocecceceoceoeceoceececeo se 
coceccooecoceoeeoeeo 

i = =) 

it) 


ceecoccecoeocceceeceoceecececee 


Resource 


Helium 


Gas~ 
Product - 
ion From 


Contained all Cate- 


in 


gories 


Produced of 


ecoceoccecceccecececeeoce 


Gas 


Resources 


209. 
206, 
185. 
165. 
133. 
116. 
102. 
89, 
79. 
70. 
65. 
60. 
56. 
53. 
49. 
4]. 
44. 
48. 
56. 
63. 
71. 
73. 
78. 


Nelium 
Contained 
in all 
Gas 


0.34 
0.33 
0.30 
0.27 
0.21 
0.19 
0.16 
0.14 
0.13 
0.1) 
0.11 
0.10 
0.09 
0.09 
0.06 
0.08 
0.07 
0.08 
0.09 
0.10 
0.12 
0.12 
0.13 


. 


7S 


Table A-5: Projected Production of Nlelium and Natural Gas in PGC Area D 


(ALL Volumes in Billion Cubic Feet @ 14.70 P.S.1.A. and 70° F) 


Gas 
Gas Product - Gas 
Gas Gas Product - Gas jon From Product - 
Product- Ilelium Product- Helium jon From te}ium Product- Neliua Proved Ne dium jon From Helium 
ion Contained ion Contained Proved Contained = ion Contained Probable Contained all Cate- Contained 
From in From in and in From in and in gories in al} 
Proved Produced Probable Produced Probable Produced Possible Produced Possible Produced of Gas 
Year WNesources — Gas Resources Gas Resources Gas Resources Gass Resource _ Gas Resources Production 
1978 1196. 0.82 0 0.00 1196. 0.82 0. 0.00 1196. 0,82 1196. 0.82 
1979 1177. 0.8) 0. 0.00 1177. 0.8) 0. 0.00 1177. 0.8) 1177. 0.8) 
1980 1043. 0.72 76. 0.05 1119. 0.77 0. 0.00 ¥119. 0.77 1119. 0.77 
198) 920. 0.63 143. 0.10 1063. _ 0.73 0. 0.00 1063. 0.73 1063. 0.73 
1982 729. 0.50 191. 0.13 919. 0.63 0. 0.00 919. 0.63 919. 0.63 
‘1983 627. 0.43 232. 0.16 859. 0.59 0. 0.00 859. 0.59 “859. 0.59 
1984 $40, 0.37 267. 0.18 807. 0.56 eR 0.00 807. 0.86 807. 0.56 
1985 46S. 0.32 291. 0.20 756. 0.52 0. 0.00 756. 0.52 756. 0.52 
1966 402. 0.28 317. 0.22 719. 0.50 0. 0.00 719. 0.50 719. 0.50 
1987 349. 0.24 335, 0.23 684. 0.47 0. 0.00 684. 0.47 684. 0.47 
1988 318. 0.22 350. 0.24 668. 0.46 0. 0.00 668. 0.46 668. 0.46 
1989 290. ~ 0.20 365. 0.258 65S. 0.45 0. 0.00 655. 0.45 665. 0.45 
1990 265. 0.18 372. 0.26 638. 0.44 oO. 0.00 638. 0.44 638. 0.44 
1991 243. 0.17 380. 0.26 623. 0.43 0. 0.00 623. 0.43 623. 0.43 
1992 224. 0.145 387. 0.27 6ll. 0.42 0. 0.00 61). 0.42 6ll. 0.42 
1993 206, O.}4 391. 0.27 597. 0.41 =O. 0.00 597. 0.41 597. 0.41 
1994 191. 0.13 398, 0.27 589. 0.4) oO. 0.00 589. 0.41 589. 0.41 
1995 177. G.)2 375. 0.26 552. 0.38 3S. 0.02 587. 0,41 587. 0.41 
1996 164. 0.1) 338. 0.23 $02. 0.35 94. 0.06 596. 0.4) 596. 0.41 
1997 182. 0.1) 306. 0.2) 458. 0.32 147. 0.10 605. 0.42 605. 0.42 
1998 142. 0.10 278. 0.19 420. 0.29 205. 0.14 625. 0.43 625. 0.43 
1999 132. 0.09 253. 0.17 385. 0.27 229. 0.16 614. 0.42 614, 0.42 
2000 124. 0.09 231. 0,16 355. 0.24 264. 0.48 619. 0.43 619. 0.43 


cs 


ww Table A-6: Projected Production of Melium and Natura) Gas in PGC Area E 


(All Volumes in Billion Cubic Feet @ 14.70 P.S.1.A. and 70% ) 


Gas . 
Gas Product - Gas 

Gas Gas Product - * Gas ion Frou Product - 

Product- tlelium Product- Welium jon From Neliua Product- IWelium Proved Helium jon Froa Helium 

ion Contained ion Contained Proved , Contained = ion Contained Probable Contained all Cate- Contained 

From in From in and in From in and in gories in eo) 

Proved Produced Probable Produced Probable Produced Possible Produced Possible Produced of Gas 
Year Resources _ Gas Resources _Gas__— Resources _Gas___—— Resources __Gas__— Resource __Gas___ Resources — Production 
1978 $795. 0.23 0. 0.00 $795. 0.23 0. 0.00 $795. 0.23 $795. 0.23 
1979 5704. 0.23 0. 0.00 5704. 0.23 0. 0.00 5704. 0.23 5704. 0.23 
1980 5055. 0.20 467. 0.02 5522. 0.22 0. 0.00 $522. 0.22 $522. , 0.22 
198) 4460. 0.18 882. 0.04 5341. 0.2) 0. 0.00 $341. 0.21 $341. 0.21 
1982 Sas2 > 0.14 1177. 0.05 4709. 0.19 0. 0.00 4709. 0.19 4709. 0.19 
1983 =—63039. 0.12 1428, 0.06 4468. 0.18 0. 0.00 4468. 0.18 4468. 0.18 
1964 2616. 0,10 1649, 0.07 4265. 0.17 0. 0.00 4265. 0.17 4265. 0.17 
1985 2256. 0.09 1792, 0.07 4048, 0.16 0. 0.00 4048. 0.16 4048. 0.16 
1986 1951. 0.08 1954, 0.08 3905. 0.16 0. 0.00 3905, 0.16 3905. 0.16 
1987 1694, 0.07 2066. 0.08 3759. 0.15 0. 0.00 3759. 0.15 3759. 0.15 
1988 1540. 0.06 2158. 0.09 3698. 0.15 0. 0.00 36098. 0.35 3698. 0.15 
1989 1406. 0.06 2250. 0.09 3656, 0.15 0. 0.00 3656. 0.15 3656. 0.15 
1990 1286. 0.05 2296. 0.09 3582. 0.14 0. 0.00 3582. 0.14 3582. 0.14 
1991] 1180. 0.05 2342. 0.09 3522. 0.14 0. 0.00 3522. 0.14 a Ly ede 0.14 
1992 1085. 0.04 2387. 0.10 3473. 0.14 0. 0.00 3473. 0.14 3473. 0.14 
1993 1000. 0.04 2411. 0.10 34)). 0.14 0. 0.00 3411. 0.14 341]. 0.14 
1994 924. Q.04 2456. 0.10 3381. 0.14 0. 0.00 3381. 0.14 3381. 0.14 
1995 856. 0.03 2314, 0.09 3170. ‘ 60.13 116. 0.00 3286. 0.13 3286, 0.13 
1996 794. 0.03 2086. 0.08 2880. 0.12 ; 309. 0.01 3189. 0.33 3189. 0.13 
1997 738. G.03 1888, 0.08 2626, 0.)1 483. 0.02 3109, 0.12 3109. 0.12 
1998 688. 0.03 1714. 0.07 2402. 0.30 676. 0.03 3078. 0.12 3078. 0.12 
1999 641. 0.03 1562. 0.06 2203. 0.09 753. 0.03 2996. 0.12 2956. 0.12 


2000 399. 0.02 1427. 0.06 2026. 0.08 869. 0.03 2895. 0.12 2895. 0.12 


9S 


Year 


1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1995 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


Gas 
Product - 
ion 
From 
Proved 


Resources 


3689. 
3631. 
3218. 
2839. 
2249. 
1935 
1665 
1436. 
1242, 
1078. 
981. 
B95. 
819. 
ree © 
691. 
637. 
588. 
545, 
50S, 
470. 
438. 
408. 
381. 


Gas 
Holium Product - 
Contained ion 
in From 
Produced = Probable 
Gas Resources 
0.38 0. 
0.18 0. 
0.16 372. 
0.14 703. 
0.11 938. 
0.10 1138, 
0.08 1314, 
0.07 1428. 
0.06 1558, 
0.05 1647. 
0.05 1720, 
0.04 1793. 
0.04 1830. 
0.04 1866. 
0.03 1903. 
0.03 192), 
0.03 1958. 
0.03 1845. 
0.03 1663. 
0.02 1505, 
0.02 1367. 
0.02 1248, 
0.02 1137. 


Table A-7: 


Projected Production of Helium and Natural Gas in PGC Area G 


Oo 
(ALL Volumes in Billion Cuble Feet @ 14.70 P.S.1.A. and 70° F) 


NMeliun 


Contained 


in 


Produced 


Gas 


SCecececececeoesceoocococeces 


Gas : 
Product - 
jon From Slelius 
Proved Contained 
and in 
Probable Produced 
Resources _ Gas 
3689. 0.18 
3631. 0.18 
3590. . 0.18 
3842. 0.18 
3187. 0.16 
3073. 0.15 
2980. 0.15 
2864. 0.14 
2799, 0.14 
2725. 0.14 
2700. 0.14 
2688. 0.33 
2649, 0.13 
2618, 0.13 
2594. 0.13 
2558, 0.13 
2546. 0.13 
2390. 0.12 
2108, 0.11 
1975. 0.10 
1804, 0.09 
1653. 0.08 
0.08 


1519. 


Gas 

Product - 
Gas jon From 

Product- telium Proved 
ion Contained Probable 

Frow in and 

Possible Produced Possible 
flesources Gas Resource 

0. 0.00 3689. 

0. 0.00 363). 

0. 0.00 3590. 

0. 0.00 3542. 

0, 0.00 3187. 

0. 0.00 3073. 

0. 0.00 2980. 

0. 0.00 2864, 

O. 0.00 2799. 

0. 0.00 2725. 

0. 0.00 2700. 

0. 0.00 2688. 

0. 0.00 2649. 

0. 0.00 2618. 

0. 0.00 2594, 

0. 0.00 2558. 

0. 0.00 2546. 

84 0.00 2474. 

224 0.01 2392. 

350. 0.02 23256 

490. 0.02 2294. 

546 0.03 2199. 

630. 0.03 2148. 


Gas 
Product - 
Helium fon Fron 
Contained all Cate- 
in gories 
Produced of 
Gas Resources 
0.18 3689. 
0.18 3631, 
0.18 3590, 
0.18 3542. 
0.16 3187. 
0.15 3073. 
0.15 2980. 
0.14 2864. 
0.14 2799, 
0.14 2725. 
0.14 2700. 
0,33 2688. 
0.13 2649, 
0.13 2618. 
0.13 2594. 
0.13 2558. 
0.33 2546, 
0.32 2474. 
0.12 2392, 
0.12 2325. 
0.1) 2294, 
0.3) 2199, 
O.)1 2148. 


Helium 
Contained 
in all 

Gas 
Production 


0.18 
0.18 
0.18 
0.18 
0.16 
0.15 
0.15 
0.14 
0.14 
0.14 
0.14 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.12 
0.12 
0.12 
0.11 
0.11 
0.1) 


LS 


: UJ - 
- 
, 


Tuble A-8: Projected Production of Helium an Natural Gas in PGC Area I 


(All Volumes in Billion Cubic Feet @ 14.70 P.S.T.A, und 70° F) 


Gas 
Gas Product - Gas 

Gas Gas Product - Gas jon From Product - 

Product- IJlelium Product- Helium jon From Welium Product- Nelbium Proved Mle Diva ion Froa Helium 

ion Contained ion Contained Proved Contained ion ‘Contained Probable Contained all Cate- Contained 

From in From in and in From in and in gories in all 

Proved Produced Probable Produced Probable Produced Possible Produced Possible Produced of Gas 
Year Resources Gas Resources Gas Resources Gas Resources Gas Resource Gas Resources Production 
1978 839. 0.87 0 0.00 839. 0.87 O. 0.00 839. 0.87 839. 0.87 
1979 826. 0.86 0. 0.00 826. 0.66 0. - 0.00 826. 0.86 826. 0.86 
1980 732. 0.76 143. 0.15 875, 0.91 0. 0.00 875. 0.9) 875. 0.91 
198) 646. 0.67 270. 0.28 916. 0.95 0. 0.00 916. 0.95 916. 0.95 
1982 $11 0.53 360. 0.37 872. 0.9) 0. 0.00 872. 0.91 872. 0.91 
1983 440. 0.46 437. 0.45 877. 0.91 a. 0.00 877. 0.91 877. 0.91 
1984 379. 0.39 505. 0.53 884. 0.92 0. 0.00 884. 0.92 884. 0.92 
1985 S21. 0.34 $49. 0.57 675. 0.9} 0. 0.00 875. 0.91 875. 0.91 
1986 282. 0.29 599, 0.62 881. 0.92 0. 0.00 881. 0.92 88). 0.92 
1987 245. 0.25 633 0.66 878. 0.9) 0. 0.00 878. 0.9) 678. 0.91 
1988 2235 0.23 661. 0.69 884. 0.92 0. 0.00 884. 0.92 884. 0.92 
1989 204. 0.21 689. 0.72 893. 0.93 0. 0.00 893. 0.93 893. 0.93 
1990 186. 0.19 703. 0.73 889. 0.92 0. 0.00 689. 0.92 689. 0.92 
1991 71. 0.38 717. 0.75 B48. 0.92 0. 0.00 888. 0.92 888. 0.92 
1992 157. 0.16 731. 0.76 688. 0.92 0. 0.00 888. 0.92 888. 0.92 
1993 145. 0.15 738. 0.77 - BBS. 0.92 0. 0.00 883. 0.92 683. 0.92 
1994 134, 0.14 782. 0.78 886. 0.92 0. 0.00 | 8H6. 0.92 886. 0.92 
1995 124. 0.13 709 0.74 833. 0.87 52 0.05 88S. 0.92 885. 0.92 
1996 115. 0.12 639 0.66 754. 0.78 139 0.14 893. 0.93 893. 0.93 
1997 107. 0.11 578 0.60 685. 0.71 237 0.23 902. 0.94 902. 0.94 
1998 100, 0.10 §25 0.55 625, ‘ 0.65 304 0.32 929. 0.97 929. 0.97 
1999 93. 0.10 478 0.50 S71. 0.59 339 0.35 910. 0.95 910. 0.95 
2000 87. 0.09 437 0.45 §24. 0.54 39) 0.4) 915. 0.95 915. 0.95 


es 


Year 


1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


Gas 
Product - 
ion 
From 
Proved 


Resources 


839. 
826. 
LAY? 
646. 
51). 
440. 
379. 
327. 
282. 
245. 
223, 
204. 
186. 
7k. 
157. 
145. 
134, 
124. 
MIS. 
107. 
100. 

ee 

87. 


Ne lium 

Contained 

in 

Produced 
Gas 


0.22 
0.21 
0.19 
0.17 
0.13 
0.11 
0.10 
0.08 
0.07 
0.06 
0.06 
0.05 
0.05 
0.04 
0.04 
0.04 
0.03 
0.03 
0.03 
0.03 
0.03 
0.02 
0.02 


Table A-9: 


Projected Production of Helium and Natural Gas in PGC Area I 


(Alt Volumes in Billion Cubic Feet @ 14.70 P.S.1.A. and 70° F) 


Gas 
Product - 
ion 

From 
Probable 


Resources 


Helium 

Contained 

in 

Produced 
Gas 


ceececeoeoececoecoesecceccoee 
GS ocooqoce qe oc Cc oc ccoe ¢ 6 6¢.6¢ cc 
RNA BHR HHH NHYKH NHN DH— | OSS 


Sc 
~ 


Gas 

Product - 

jon From Selium 

Proved Contained 

und in 

Probable Produced 

lesources _ Gus 
839. 0.22 
826. 0,21 
751. 0.20 
682. 0.18 
559. 0.15 
498. 0.13 
446. 0.12 
400. 0.10 
362. 0.09 
329, 0.09 
3h). 0.08 
295. 0.08 
280. 0.07 
266. 0.07 
254. 0.07 
243, 0.06 
234. 0.06 
214. 0.05 
200. 0.05 
184. 0.05 
169. 0.04 
150. 0.04 
145. 0.04 


Gas 
Product - 

Gas jon From 
Product- tleliun Proved 
ion Contained Probable 
From in und 
Possible Produced Possible 
Resources Gas Resource 

0. 0.00 839. 

0. 0.00 826. 

O. 0.00 751. 

0. 0.00 682. 

0. 0.00 559. 

0. 0.00 498. 

0. 0.00 446. 

0. 0.00 400. 

0. 0.00 362. 

0. 0.00 329. 

0. 0.00 311. 

oO. 0.00 295. 

oO. 0.00 280. 

0. 0.00 266. 

0. 0.00 254. 

0. 0.00 243. 

0. 0.00 234. 

Sr 0.00 PAR AE Ye 

136 0.00 213. 

2) 0.0) 205. 

29. 0.0) 199. 

32. 0.01 169. 

S71 0.0) 182. 


Gas 
Product - 
Helium ion From 
Contained all Cate- 
in gories 
Produced of 
Gas Resources 
0.22 839. 
0.21 826. 
0.20 791. 
0.138 682. 
0.15 559. 
0.13 498. 
0.12 446. 
0.10 400. 
0.09 362. 
0.09 329. 
0.08 31). 
0.08 295, 
0.07 260. 
0.07 266. 
0.07 254. 
0.06 243. 
0.06 234. 
0.06 223. 
0.06 213. 
0.05 205. 
0.05 199. 
0.05 189, 
0.05 182. 


He lium 
Contained 
in all 

Gas 
Production 


0.22 
0.21 
0.20 
0.18 
0.15 
0.13 
0.12 
0.10 
0.09 
0.09 
0.08 
0.08 
0.07 
0.07 
0.07 
0.06 
0.06 
0.06 
0.06 
0.05 
0.05 
0.05 
0.05 


6S 


Year 


1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


Gas 
Product - 
jon 
From 
Proved 


Resources 


3447. 
3393. 
3007. 
2652. 
210). 
1808, 
1556. 
1342. 
1160. 
1007. 
916. 
836, 
765. 
702. 
645. 
595. 
550. 
509. 
472, 
439, 
409. 
381. 
556. 


Gas 
ile lium Product - 
Contained ion 
in From 
Produced Probable 
Gas Resources 
10.89 0. 
10.72 0. 
9.50 257. 
8.38 485. 
6.64 647. 
5.71 785. 
4.92 906. 
4.24 98S. 
3.67 1074. 
3.16 1135. 
2.90 1186. 
2.64 1236. 
2.42 1262. 
25 fs 1287. 
2.04 1332. 
1.88 1325. 
1.74 1350 
1.61 1275. 
1.49 1147. 
1.39 1038. 
1.29 942 
1.20 858. 
1.13 784. 


Table A-10; Projected Production of Helium and Natural Gas in PGC Area JN 


a 5: 
(ALL Volumes in Billion Cuble Feet @ 14.70 P.S.1.A. and 70° F) 


Medium 


Contained 


in 


Produced 


Gas 


0 
0 
0 
0 
0 
0 
J 
1 
1 
] 
1. 
1 
1 
j 
) 
} 
} 
1 
] 
} 
1 
0 
0 


1140. 


. Gas 

Product - 

ion From Neliup 

‘Proved Contained 

and in 

Probable Produced 

Resources _ Gas 
3447. 10.89 
3393. 10.72 
3263. 9.79 
3137. 9.92 
2748. 7.36 
2593. 6.58 
2462. §.92 
2327. 5.33 
2234. 4.86 
2143. 4.44 
2102. 4.21 
2072. 4.01 
2027. 3.82 
1989, 3.65 
1958. 3.50 
1920. 3.35 
1900. 3.24 
1781. 3.02 
1619. 2.76 
1477. 2.54 
135). 2.34 
1240. 2.16 

2.00 


Gas 

Product - 
Gas fon Fron 
Product- IUelius Proved 
ion Contained Probable 
From in and 


Possible Produced Possible 


Resources Gas Resource 
0. 0.00 3447. 
0. 0.00 3393. 
0. 0.00 3263. 
0. 0.00 3137. 
0. 0.00 2748. 
0. 0.00 2593. 
0. 0.00 2462. 
0. 0.00 2327. 
0. 0.00 2234. 
0. 0.00 2143. 
0. 0.00 2102. 
0. 0.00 2072. 
0. 0.00 2027. 
0. 0.00 1989. 
0. 0.00 19588. 
0. 0.00 1920. 
0. 0.00 1900. 

12) 0.13 1902. 
322. 0.36 1941, 
504. 0.56 1980. 
705. 0.76 2056. 
786. 0.87 2026. 
907. 1.01 2047. 


Gas 
Product - 
ilolium jon From 
Contained all Cate- 
in gories 
Produced of 
Gas Resources 
10.89 3447. 
10.72 3393. 
9.79 3263. 
8.92 3137, 
7.36 2748. 
6.58 2593. 
§.92 2462. 
5.33 2327. 
4.86 2234, 
4.44 2143. 
4.21 2102. 
4.0] 2072. 
3.862 2027. 
3.65 1989. 
3.50 1958. 
3.35 1920. 
3.24 1900. 
3.15 1902. 
3.12 1941. 
3.10 1980. 
3.12 2056. 
3.03 2026. 
3.00 2047. 


Holium 
Contained 
in all 
Gas 


Production 


10.89 
10.72 
9.79 
8.92 
7.36 - 
6.58 
592 
5.33 
4.86 
4.44 
4.21 
4.01 
3.82 
3.65 
3.50 
3.35 
3.24 
3.15 
3.12 
3.10 
3.12 
3.03 
3.00 
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Year 


1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 


Gas 
Product - 
ion 
From 
Proved 


Resources 


1918. 
1888. 
1673. 
1476. 
1169. 
1006. 
866. 
747. 
646. 
S61. 
510. 
465. 
426. 
391, 
359. 
33). 
306. 
283. 
263. 
244. 
228. 
2i2. 
198. 


Helium 
Contained 


in 


Produced 


SCeccececcececocecececceces 


Gas 


Table A-11; Projected Production of Iellum and Natural Gas in PGC Area JS 


(All Volumes in Billion Cublc Peet @ 14.70 P.S.1.A. and 70° ¥) 


Gas 
Product - 
ion 

From 
Probable 


Resources 


ile) dun 

Contained 

in 

Produced 
Gas 


0.00 
0.00 
0.08 
0.15 
0.20 
0.25 
0.28 
0,31 
0.34 
0.36 
0.37 
0.39 
0.40 
0.40 
0.41 
0.42 
0.42 
0.40 
0.36 
0.33 
0.30 
0.27 
0.25 


Gas 
Product - 
ion From 
Proved 
and 
Probable 


lesources 


1918, 
1888. 
1845. 
1800. 
1601. 
1530. 
1471. 
1404. 
1363. 
1319. 
1302. 
129). 
1268, 
1250. 
1235. 
1216. 
1207. 
1133, 
1029. 

937. 

857. 

785. 

122. 


He J ium 

Contained 
in 
Produced 


Gas 


ce wo 


° 


ecoceecsececescooceocoosococece 
BRBWSSESONUMNNMA DC AKRKKBAAWV ees , 
@2@2n~mC f&@wvyVweeorwen2 Oenuuwnnwne Ss 


Gas 
Product - 
ion 
From. 
Possible 


Resources 


° 


eeeecececececeococecoeoeco & 


Helium 

Contained 
in 
Mroduced 


Gas 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
6.00 
0.00 
0.03 
0.08 
0.12 
0.17 
0.19 
0.22 


Gas 


Product - 
ion From 
Proved 
Probable 
and 
Possible 


Resource 


1918. 
1648, 
1845. 
1800. 
1601. 
1530. 
1471. 
1404. 
1363. 
319. 
1302. 
129]. 
1268. 
1250. 
1235, 
1216. 
1207. 
1195. 
1194, 
1196. 
1219. 
1189, 
1188. 


Helium 


Gas 
Product- 
ion From 


Contained all Cate- 


in 


gories 


Produced of 


Gas 


OAanwreoeee ef 


e 


OwoOnmnmnnune co 


SCeececeoecoscooccecececoceces 
a 
eet 


Resources 


1918, 
1888. 
1845. 
1600. 
1601, 
1530. 
1471. 
1404, 
1363. 
1319, 
1302, 
1291. 
1268. 
1250. 
1235. 
1216. 
1207. 
1195, 
1194, 
1196. 
1219. 
1189. 
1188. 


Helium 
Contained 
in all 
Gas 


Production 


e e ° ° e e ooo 
AAAMAMMMMUNMAARROOOOO NN Be ew 


° 


e 


ceoccococcecocecocoececesece 
Os) ei Mee a Oe Sep oe ° Ad 
BRANWNMARDOV SSE CH KH KN BAONUNANE OS 


eee ee ee eee ee C- 
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Tuble A-12; Projected Production of Wledium and Natural Gas in PGC Area K 


(ALL Volumes in Billion Cubic Feet @ 14.70 P.S.1.A and 70° F) 


Gas 
Gas Product- Gas 

Gas Gas Product - Gas ion From Product - 

Product- IJelium Product- telium jon From Ilelium Product- WMeliun Proved Helium ion Froa Helium 

ion Contained ion Contained Proved , Contained ion Contained Probable Contained all Cate- Contained 

From in From in and in From in and in . gories in all 

Proved Produced Probable Produced Probable Produced Possible Produced Possible Produced of Gus 
Year Resources _ Gas Resources Gas __— Resources _Gas___—— Resources Gus ___ Resource __Gas__— Resources — Production 
1978 229. 0.03 0. 0.00 229. 0.03 0. 0.00 229. 0.03 229. 0.03 
1979 229. 0.03 0. 0.00 229. 0.03 0. 0.00 229. 0.03 229. 0.03 
1980 229. 0.03 0. 0.00 229. 0.03 0. 0.00 229. 0.03 229. 0.03 
1981 229. 0.03 0. 0.00 229. 0.03 0. 0.00 229. 0.03 229, 0.03 
1982 1638. 0.24 266. 0.03 1905. 0.27 0. 0.00 1905S. 0.27 1905. 0.27 
1983 1841. 0.27 398, 0.05 2056. 0.33 0. 0.00 2056. 0.33 2056. 0.33 
1984 2014. 0.30 550. 0.08 2564. 0.39 0. 0.00 2564. 0.39 2564. 0.39 
19485 2143. 0.33 700. 0.10 2843. 0.43 0. 0.00 2843. 0.43 2843. 0.43 
1986 2230. 0.34 8784, 0.12 3107. 0.46 0. 0.00 3107. 0.46 3107. 0.46 
1987 SE fe a 0.35 1049. 20515 3322. 0.50 0. 0.00 S322- 0.50 3322. 0.50 
1988 2067. 0.31 1096 0.16 3163, © 0.48 0. 0.00 3163. 0.48 3163. 0.48 
1989 1488S. 0.28 1143 0.16 3028. 0.45 0. 0.00 3028. 0.45 3028. 0.45 
1990 1726. 0.25 1166 0.17 2892. 0.43 0. 0.00 2892. 0.43 2892. 0.43 
199) 1583. 0.23 1090 0.17 2772. 0.41 0. 0.00 2772. 0.41 2772. 0.41 
1992 1456. 0.2) 1213 0.17 2669. 0.39 0. 0.00 2669, 0.39 2669. 0.39 
1993 1342. 0.20 1224 0.18 2566. 0.39 0. 0.00 2566. 0.39 2566. 0.39 
1994 1240. 0.18 3247 0.18 2468, 0.37 0. 0.00 2488, 0.37 2488. 0.37 
1995 1148, 0.17 1175 0.17 2323. 0.35 76. 0.0} 2399. 0.38 2399. 0.38 
1996 1066. 0.16 1059 0.15 2125. 0.31 201 0.02 2326. 0.34 2326. 0.34 
1997 990. 0.15 959, 0.14 1949, 0.29 314. 0.04 2263. 0.34 2263. 0.34 
1998 922. 0.14 87) 0.12 1793. 0.26 440. 0.06 2233. 0.33 Ie & 0.33 
1999 860. 0.13 792 0.31 1653. 0.24 49). 0.07 2143. 0.33 2143. 0.31 
2000 805. 0.12 724. 0.10 1528. 0.22 566. 0.08 2094. 0.30 2094. 0.30 


cy 
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Table A-13: Projected Production of tellus and Natural Gas in PGC Area L 


(All Volumes in Billion Cubic Feet @ 14.70 P.S,I.A. and 70° F) 


Gas 
Gas ’ Product - Gas 

Gas Gas Product - Gas ion Frou Product- 

Product- Helium Product- thelium fon From elie Product- Weliun Proved tle } dum jon Froa Helium 

jon Contained ion Contained Proved Contained ion Contained Probable Contained all Cate- Contained 

From in From in and in From in and in gories in all 

Proved Produced Probable Produced Probable Produced Possible Produced Possible Produced of Gas 
Year Resources Gas "Resources _Gas__— Resources __Gas__——— Resources _Gas___ Resource _ Gas __— Resources — Production 
1978 $66. 0.03 0. 0.00 566. 0.03 Q. 0.00 566. 0.03 566. 0.03 
1979 Shy fe 0.03 0. 0.00 557. 0.03 0. 0.00 557. 0.03 557. 0.03 
1980 494. 0.02 «38. 0.00 $31. 0.03 0. 0.00 531. 0.03 531. 0.03 
1981 435. 0.02 71. 0.00 507. 0.03 0. 0.00 507. 0.03 507. 0.03 
1982 345. 0.02 95. 0.00 440. 0.02 0. 0.00 440. 0.02 440, 0.02 
1983 297. 0.01 116. 0.0) 413. * 0.02 0, 0.00 413 0.02 413. 0.02 
1984 255. 0.01 134. 0.01 3869. 0.02 0. 0.00 389. 0.02 389, 0.02 
1945 220. 0.0) 145. 0.01 366. 0.02 0. 0.00 366. 0.02 366. 0.02 
1986 190. 0.01 158. 0.0) 349. ’ 0.02 0. 0.00 349. 0.02 349. 0.02 
1987 165. 0.01 168. 0.01 333. 0.02 0. 0.00 333. 0.02 333. 0.02 
1988 =150. 0.0) 175. 0.01 S257 0.02 0. 0.00 325 0.02 325, 0.02 
1989 137. 0.0) 182, 0.0) 320. 0.02 0. 0.00 320 0.02 320. 0.02 
1990 126. 0.0) ' 186, 0.01 312. 0.02 0. 0.00 312 0.02 312. 0.02 
1991 is. 0.01 190. 0.0) 305. 0.02 0. 0.00 305. 0.02 305. 0.02 
1992 106, 0.01 194, 0.01 300. 0.01 0. 0.00 300. 0.01 300. 0.01 
1993 9B. 0.00 195. 0.0) 293. 0.01 0. 0.00 293. 0.01 293. 0.01 
1994 90. 0.00 199, 0.01 289. 0.0) 0. 0.00 289. 0.01 289. 0.01 
1995 84, 0.00 188. 0.01 271. 0.01 27. 0.00 298. 0.01 298. 0.0) 
1996 76. 0.00 169. 0.01 247. 0.0) Tip de 0.00 318. 0.02 318. 0.02 
1997 Ey is 0.00 153. 0.01 225. 0.0) 1)2. 0.01 337. 0.02 337. 0.02 
1998 67. 0.00 149. 0.01 206. 0.01 157. 0.0) 363. 0.02 363. 0.02 
1999 63. 0.00 127. 0.0) 189. 0.01 175. 0.01 364, 0.02 364. 0.02 
2000 58. 0.00 116. 0.0) 0.01 202. 0.01 376. 0.02 376. 0.02 


174. 


| 


Stato 


Kansas 
Utah 


New Mexico 


Arizona 


New Mexico 


Kansas 
Arizona 
Arizona 
Kansas 
Utah 
Kansas 
Colorado 
Kansas 
Texas 
Utah 
Utah 
Utah 
Utah 
Utah 
Montana 
Montana 
Utah 
Montana 
Wyoming 
Colorado 
Colorado 
Wyoming 
Wyoming 


TABLE A-14; Wellum content of nondeple 


Paclium resources of the United States 


Field 


Loretta 

Harley Done 

Table Mesa, South 
Teec Nos Pas 

Table Mesa, South 
llungry Hollow 
Dineh bi Keyah 
East Boundary Butte 
Churchview 

Temple Springs 
Roginer 

Moore “A' 1-24 
Badger Hill 
Cliffside 

Boundary Butte, N 
Big Plat 

Bow Knot 

Bartlett Plat 

Long Canyon 

Rudy ard 

tloward Coulee 
Lisbon 

Rudyard 

Tip Top!/ 

Daxter Pass, South 
Houphas Greek, South 
Tip Top- 


MMcf at 14.7 psia and 70" P as of January 1, 1977 
Average 
Helium Depth Area 

Reservior Content Feet Acres 
Arbuckle 7.02 3,521 840 
Entrada 7.01 860 453 
Mississippian 6.14 7,490 640 
Mississippian 5.99 6,295 - 
Paradox 5.70 7,092 640 
Arbuckle 5.66 3,478 790 
McCracken 5.16 4,143 41,629 
Mississippian 3.79 $,570 640 
Mississipplan 3.25 4,502 480 
Devonian 2.80 4,642 540 
Osage 2.38 4,604 - 
Red Cave 2.14 1,214 640 
Cherokee 2.04 4,375 1,779 
Brown Dolomite 1.86 3,300 31,000 
Ouray 1.58 5,868 640 
Mississippian 1.55 7,590 484 
Mississippian 1.47 6,250 1,347 
Mississippian 1.40 7,390 61) 
Mississippian 1.37 7,640 1,984 
Red River 1.30 §,203 10,600 
Madison 1.16 §,055 876 
Mississippian 1,00 8,100 3,219 
Souris River 0.90 5 ,068 10,600 
Big torn 0.90 15,052 1,823 
Morrison 0.85 6,446 800 
Morrison 0.80 5,430 1,715 
Tensleep 0.80 12,902 7,533 
Madison 0.78 13,783 22,779 


1/ Mobil O11 Company plans production in 1981-82. 


Reserves 
Natural 
_Gas Medium 
968 54 
1,584 110 
401 24 
711 42 
309 17 
766 $3 
144,058 7,566 
2,077 79 
1,887 60 
3,774 -105 
1,858 44 
3,305 71 
4,835 98 
206,323 3,837 
8,886 140 
4,109 63 
14,008 206 
13,00) 181 
14,168 194 
160,091 2,081 
14,639 169 
176,850 1,768 
73,627 662 
243,314 2,190 
8,415 7 
4,864 38 
1,071,470 8,571 
4,421,829 34,489 


Stato 


Colorado 
Colorado 
Colorado 
Colorado 
Texas 
Ucah 
Utah 
New Mexico 
Utah 
Utah 
wyoming 
Wyoming 
West Virginia 
Montana 
Utah 
Wyoming 
Wyoming 
Wyoming 
Total 


TABLE A-14; 


Field 


Doe Canyon 

Douglas Creek, South 
Douglas Creek, South 
Baxter Pass 
Cliffside 

Baxter Basin, North 
Little Valley 

Ure Dome 

Federal Mounds 

Clay oat: 

Tip Top! 

Baxter Basin, North 
Parson 

Cabin Creek 

Bluff Unit 

Table Rock? 

Church Buttes 
Butcherknife Springs 


Nelium content of on } helium resources of the United States (con.) 
sia‘cnd 70” F as of January J, 1977 


MMcf at 14.7 


Average 

Helium 

Reservior Content 
Mississippian 0.76 
Buckhorn 0.75 
Dakota 0.70 
Dakota 0.70 
Red Cave 0.64 
Morgan 0.64 
Mississippian 0.56 
Mississippian 0.55 
Mississippian 0.55 
Weber 0.48 
Phosphoria 0.48 
Weber 0.43 
Tuscarora 0.43 
Cambrian 0.40 
Ouray 0.40 
Madison 0.285 
Madison 0.24 
Morgan 0.18 


1/ Mobil O11 Company plans production in 1981-82. 
2/ Table Rock Field now depleting. 


Depth 


Feet 


8,520 
§ 127 
5,019 
6,311 
2,550 
7,500 
9,200 
9,394 
8,350 
9 ,025 
12,604 
6,200 
7,020 
10,086 
6,940 
18,368 
18,318 
18,200 


Area 


Acres 


640 
7,635 
3,667 

640 
2,680 

200 

255 

640 

640 
$,095 
1,004 
1,130 
5 ,000 
1,375 
1,280 
3,840 

40,394 
7,360 


Reserves 


Natural 
Gas 


47,371 
41,438 
14,808 
7,745 
5,047 
2,077 
2,173 
160,496 
7S ,898 
125,600 
14,172 
41,424 
27,832 
36,624 
41,638 
300,000 
7,330,454 
38,701 


APPENDIX B 
Estimated Costs of Producing Nondepleting Reserves 


The costs of extracting helium in a multipurpose processing facility 
at some future date from presently nondepleting gasfields are presented 
in Table B-l. This is the most probable configuration. The latest plant 
at Table Rock field, Wyoming, is this type. Thus, several natural re- 
sources are recovered simultaneously. 


Based on preliminary calculations, tables B-2 and B-3 show the efiect 
on break-even prices of natural gas and helium, respectively, if the 
plants were to be build for recovery of that single natural resource. 


TABLE B-l - Unit cost of products assuming fields will 
be produced for multiproduct sales 


Nondepleting Field C02 Sulfur Natural Gas* Helium 
Tip Top 0 $1.0/LT. $1.60/Mc£ S04. 507 Mer 
Lisbon 0 10/LT 0.60 41500 
So. Douglas Cr. 0 0.80 14.30 
Dineh bi Keyah 0 Teo0 18.80 
Rudyard 0 -_—--—- i730 24.40 
Clay Basin 0 -_—--- 1.80 Jad 0 
Church Buttes 0 VSS ay 1.80 126.40 


*Value $1.80/Mcf£ 960 Btu gas. 


TABLE B-2 - Natural gas break-even prices assuming fields will 
be produced for only one product 


Nondepleting Field Production, MMcfy Total Operating Natural 
Natural Gas Cost, MS Gas 1/ 
Lisbon 6,480 $ 4,500 $0.70/Mcf 
So. Douglas Cr. 3,072 3,600 1.00 
TL 1ODe a SLO 57,100 1.80 
Church Buttes 21,700 108,700 5.00 
Clay Basin 432 3,200 sau 
Rudyard 382 4,200 be eS 
Dineh bi Keyah 450 11,400 hs AN 


1/ Present value approximately $1.80/Mcf for 960 Btu/eu ft gas. 
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TABLE B-3 - Helium break-even prices assuming fields 
will be produced for only one product 


Nondepleting 
Field 


Dineh bi Keyah 
Rudyard 

Lisbon 

Tip Top 

Clay Basin 


So. Douglas Cr. 


Church Buttes 


Production, MMcfy 


Natural Gas Helium 


450 562.3 
382 145.4 
6,480 89 
31,570 1,026 
432 42.8 
35012 33.6 
214700 538 
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Total Operating 


Cost, MS 


108,700 
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APPENDIX C - Helium Price Histories 


Table C-l1 
Wholesale Helium Price History 


Production and fr 


Year Price/McfL/ Purification Facility2/ Year Shut Down 

1961 $35.0 Kerr-McGee Ine., Navajo, Arizona 1976 

1962 35.9 

1963 Baa 

1964 33.0 

1965 zhu?) 

1966 30.0 Kansas Refined Helium, Otis, Kansas ——en 
Alamo Chemical Co., Elkhart, Kansas ——— 

1967 26.0 

1968 Peo. Cities Service Cryogenics, Ulysses, Xa. ---- 
Arizona Helium Co., Navajo, Arizona 1973 
Air Reduction Co., Teec Nos Pas, Ariz. 1969 
Navajo Tribe, Shiprock, New Mexico 1969 

1969 is Apa 

1970 21.0 

Loi Bis 0 

L937 Z 23.0 

ie7 3 23.0 

1974 23.0 

1975 OFS y fi Western Helium Corp. -—-- 

1976 Zoey 

Losi 23.7 Linde Div., Union Carbide, Bushton, x3, —-—" 


1978 24.537 


1/ 1961 through 1977 prices taken from MRI Draft Final Report, dated 
May 15, 1978, page 216. 
2/ Companies listed under year of first production. 
3/ This price calculated as an average of the prices for 1975 through 1977. 
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Northeast Southeast North South Northwest 
Geographical Area Coast _ Coant Central Central Coast 
Gas: ($/Mcf£) 
Cylinders 
1-9 cylinders Le 
High 62.50 101.00 120.00 110.00 71.50 
Low 63.90 i 95.00 109.50 99.50 ' 56.00 
Average 73.20 98.00 114.70 104.70 63.70 
Larger orders 
High 69.90 ¥ 62.70 7 67.00 
Low 60.20 . 864.38— 50.50 66. 15— 51.70 
Average 65.00 56.60 59.30 
Trailers 
High 62.50 
1/ V/ 
Low ou; 4B .64—: 53.50 39.08 53.20 
Average 58.00 
Liquid: ($/liter) 
Small orders ; 
1-5 50-liter dewara N/A N/A. N/A 6.28 N/A 
1-5 100-liter dewars e 
High 4.25 6.08 3.79 6.32 5.97 
Low 3.50 5.89 3.75 5.45 3.64 
Average 4.87 5.98 care, 5.93 4.80 
Large orders . 
Nigh 2.404) 4.08 4) 
Low 2.00-— 3.39 1503 : 2.19 2.40 
Average 2.20 3.73 ; 


TABLE U-2 - Retail pricea, f.o.b. deatination, of Bureau helium sold by 
commercial suppliera, January 1977 through April 1978 


Supplied directly from Bureau of Mines. 

Current prices to Brookhaven National Laboratory From Airco N/A. 
To Honeywell Radiation Laboratory from Airco. 

To Fermi National Accelerator Laboratory from Airco. 


Southwert 
Coast 


12). 
89. 
106. 


58 


54 


48. 


00 
00 
00 


-00 
50. 
. 00 


00 


1/ 


14- 


N/A 


4. 
a. 


75 
76 


3.83 


N/A 


APPENDIX D 


Authority of the Secretary of Interior with Regard to helium 
resources under the Helium Act Amendments of 1960. 


' Authorizations 


Acquire land - purchase, lease, gift, exchange, 

by eminent domain. 

Make contracts - acquisition, processing, trans- 
portation, or conservation of helium, helium-bearing 
Matural gas, or helium-gas mixtures. 

Construct or purchase - plants and necessary equip—- 
ment for the production, storage, purification, 
transportation, purchase, and sale of helium. 
Reserves the ownership and rights to extract helium 
from any known gas bearing land-on public domain 
mot covered by Public Law 145, the Mineral Lands 
Leasing Act of 1920. 

Maintain and operate helium production facilities. 
Supply Federal agencies helium demand. 

Establish price of Federal helium adequate to cover 
all costs. 

Establish and promulgate rules and regulations. 
Assure future essential Government helium needs 
within economic limits. 
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Helium Act 
Reference 


Sec. 


Sec. 


Sec. 


Sec. 


Sec. 
Sec. 
Sec. 


Sec. 
Sec. 


3(a) (1) 
3(a) (2) 


3(a) (3) 


3(b) 


APPENDIX E 
Recent Technology Changes 


Helium production techniques are derived from a larger technology—— 
the cryogenic fluid industry including such fluids as oxygen, nitrogen, 
hydrogen, argon, and liquefied natural gas. As this cryogenic technology 
advances and becomes more efficient, its application to helium production 
will reduce costs and consequently price. Some areas of recent advancement 
are the following: 


Materials 


Aluminum and stainless steel have replaced more expensive copper 
and brass as a construction material for cryogenic equipment. 


Heat Exchangers 


Plate fin exchangers assembled using mass production technology are 
being used in place of coiled tube and shell and shell and tube exchangers 
which are costly to construct, requiring a great deal of skilled labor. 


Expansion Engines 


Turbo expanders which are almost maintenance free in comparison with 
the older reciprocating machinery are now being used to generate refrig- 
eration in cryogenic plants. 


Compressors 

Centrifugal compressors are in use in place of reciprocating 
compressors to compress the various plant streams. Lower investment 
and maintenance costs have resulted from this development. 
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Process Advances 


Computerized data and calculations are available as well as new, more 
efficient process schemes to optimize the design of cryogenic processes 
so that helium plants built now and in the future will be designed to be 
more efficient than earlier plants. 


The Linde Division of Union Carbide Corporation has developed a 
non-cryogenic helium purification process called pressure swing adsorption 
(PSA) which operates at about 300 pounds per square inch gauge and uses a 
proprietary adsorbent at room temperature. In this process, crude helium 
is passed through a series of adsorption beds to produce a product compa- 
table to the high-purity helium offered for sale by the Bureau of Mines 
and other private helium production plants. There are two plants presently 
using the process, and an expansion of one has already been announced. 


It is important to note that the PSA method begins with a°crude helium 
product to feed the purification process. The PSA process is considered to 
be an impurity. removal system which begins with a relatively high percentage 
of the product purified. It cannot be utilized as a crude separator which 
would begin with a very low concentration of the gas to be separated and 
purified. Thus, it cannot be used as a basic process to concentrate the Low 
helium percentages found in natural gas. Also, the regenerating recycle 
crude helium stream from the adsorbers would of necessity need to be return- 
ed to a cryogenic crude helium plant for rejection of the impurities or 
possibly returned to a crude helium storage system. 


A Canadian company is presently installing a completely automatic pilot 
plant to recover helium from natural gas using a membrane diffusion process. 
The unit being installed on a gas pipeline in Alberta may result in a com- 
pletely new kind of helium plant. 


Major cost reductions will come from application of advances to each 


facility and from multipurpose facilities, such as Btu improvement and 
liquefied natural gas (LNG) production. 
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APPENDIX F 
Status of the Private Helium Industry 


Helium Extraction Plants 


Table F-1 gives information on the helium extraction plants in operation 
in the United States. Included are both private and Government plants. 
Phillips Petroleum Company's Dumas Helium Plant, which formerly sold 
crude helium to the Government under a contract for the purchase of 
helium for conservation is not listed, but it extracts helium along with 
other products from the gas stream and later returns the helium and some 
of the products to the stream to be marketed with natural gas. 
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Plant name 
Peivate; 


Greenwood plant 


Jayhavk Helfum 
Plant 


Kanaue Refined 
Helfum Co. 


Northern Mele 
Co. Melium Planc 


Sherman tleliun 
Plaat 


Sunf lower 
Helium Plant 


Western Helium 
Plant 


Government; 


Exell Helium Plant U.S. Bureau of Hines 


Keyes Helium Plant U.S. Bureau of Mines 


Plant owner 


Cardner Cryogenice 


Corp. & Alamo 
Chemical Co, 


Citfhesa Service 


Cryogenics 6 Cities 


Service llelex 


Kansas Refined 
Helium Co. 


Northern telex Co. 


Phillipa Petroleum 


Cities Service 
Cryogenics & 
Kangas-Nebraska 
Natucal Gas Co. 
Western Helium 
Corp. 


TABLE F-) - Mellum extcactton planta of the United States 


Plant Jecatton 


County 


Horton 


Grant 


Rush 


Ellaworth 


Nansford 


Scott 


San Juan 


Moore 


Cimarron 


State 


Kansas 


Kansas 


Kunsag 


Kansag 


Texag 


Kansas 


New Mexico 


Texas 


Okla 


Company supplying gas 


Colorado Interstate 
Gas‘ Co. & Phillips 
Petroleum Co. (crude 
hel tum) 


Cithes Service Gas Co. 


& Sunflower Nelfum 
Planet (crude helftum) 


Frontter O11 Co., 
Kansas-Nebraska 
Natural Gas Co., & 
Northern Nelex Co. 
(crude hel Jum) 
Northern Natural Gas 
Co. 


Phillips Petroleun 
Co, 


Kansas-Nebraska 
Natural Gag Co. 


Saguaro O41) Co. 


U.S. Bureau of Mines 


Colorado Interstate 


A/ Crude heltum released to the atwosphere after being separated from natural gas, 


Ga6 source 


Flelda State 
Creenwood Kansas 
Spacke Kansas 
Nugoton Kansas 
Panoma Kansas 


Hinor volumes frow other 
small Kansas flelda 
27 small fields in 


central Kansas area 


Mugoton Kansas & Okla 
Hugoton Okla & Texas 
Bradshaw Kangas 
ugoton Kansas 

Tocito N New Mexico 


Table Mesa § New Mexico 


Cliffelde Texas 


Keyes Oklahoma 


Remarks 


Produces and eelle pure helium 
in gaseous and liquid form. 


Produces crude and pure hel ius, 
aome etored, some Bold, some 
vented at Jayhawk.1/ Pure heltum 
eold in gaseous and liquid fora. 


Produces and selle pure helium 
in gaseous and liquid form. 


Produces crude helium for storage 
and for purification at Kansae 
Refined Helium Plant. 

Produces crude helium. Some isa 
processed for purification at the 
fireenwood plant. Remainder is 
atored. 

Produces crude helium for refining 
at Jayhawk plant. 


Peoducea and selle pure helium. 
Noc in production at present. 


Can produce pure heliua; ie 
not in production at present. 
Produces helium for storage 
and sale. Welium ie also 
purified for redelivery under 
atorage contracts. 


Production Capacity and Employment 


Private helium production plants are producing helium for domestic 
and foreign markets. Only three of the six operating private helium 
plants produce pure helium. These three plants have a total design 
capacity of about 524 MMcfy of pure helium. The Linde Division helium 
purification plant addition to Northern Helex adds another 75 MMcfy to 
that total. Crude helium produced by private industry from former 
helium purchase contract plants is either purified for sale at one of 
the private helium purification plants; accepted by the Bureau for private 
storage and subsequent redelivery as crude helium or in pure form; or 
vented to the atmosphere. About 185 MMcfy of pure helium is redelivered 
to private industry from the Bureau of Mines Keyes Helium Plant. 


The present private helium purification capacity will equal the. 
private demand in 1983 and, at projected rates of natural gas production, 
the private helium demand will equal the annual helium supply available 
to private plants about 1996. 


Table F-2 summarizes the private helium production capacity and 
employment. 


Tables F-3 through F-8 detail the volume of helium available to 
operating private plants on an annual basis. 
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TABLE F-2 Summary of Private Helium Production Capacity and Employment 


(All volumes in MMcfy at 14.7 psia & 70°F) Estimated 
Employment 
Plant Plant Design Capacity Natural Gas Helium Related to 
Reserves Reserves Helium 
Crude Pure 
Former Crude Helium Contractors 
Cities Service Helex UL af 3,169,195 13,628 55 
Rees ides 798 752 9,011,545 11,035 573/ 
Phillips Petroleum 1/ 
Dumas 656— 
Sherman Le 452,176 3,165 ; 7 
National Helium Corp. 1, 2101/ 
Other Private Plants 
Alamo Chemical Corporation 168 168 79,609 442 25 
Cities Service Cryogenics 203 203 944,840 4,460 12 
Kansas Refined Helium 105 153 - 45,100 1,891 20 
Western Helium Corp. nll rI/ 


1/ Plants not operating and not expected to restart. 
2/ Linde purification addition to Helex. 
3/ Includes 50 employees at Northern NWelex and 7 at the Linde purification facility. 
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TABLE F-3 - Helium available to Cities Service Helex plant, 0.45% 
(In MMc£) 
14.70. BSL at. 70, DEG. E 


1978 ies 1980 1981 1982 1983 1984 
944, $22 901 880. 858 837 816 
1985 1986 1987 1988 1989 1990 1991 
784 tate y Aas Wie 690. 648. 606 325 
1992 Loss 1994 L395 1996 L997 1998 
503 451 399 347. 296 244 192 
1999 2000 2001 2002 2003 2004 2005 
140. 88 aie 16 Q. 0 0 


TOTAL VOLUME = 13628. 


TABLE F-4 = Helium available to Northern Helex plant, 0.43% 
(In MMc£) 
14.70 PSI at 70 DEG F 


eecosteeneece eevee eoevoeeeeeeeeeee*eseeoevr eevee eeeoeeeeeee ee eeoseeeseeeeoeveeeeeseeeree ee eeeevr ee eevee 


1978 i379 1980 1981 1982 1983 1984 
pA as 693. 662. 636. 615 a22 578 

1985 1986 1987 1988 1989 1990 Loos. 
560. 543. 527 ek 496. 481. 466 

1992 E273 1994 Poo 1996 L997 1998 
453. 439 426. 413. 406 305. 203. 
19993 2000 2001 2002 2003 2004 2005 
Lads 102. aie Q. 0 0 Q. 


TOTAL VOLUME = 11035. 


~ 
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TABLE F-5 - Helium available to Phillips Sherman plant, 0.72% 
(In MMcf) 


MAS UspoLrace: Go UrG! 


1978 roi? 1980 1981 1982 1983 1984 
456. 344 326. 293° 269 203 Lge 
1985 1986 T78/ 1988 1989 1990 Bh he Al 
142. iS2Z Ps ay 2 102. oie 81. 
i 1993 1994 oes 1996 be pea 1998 
Tiles 61 mal 41. 30 20 15 


TOTAL VOLUME = 3165. a a 


TABLE F-6 - Helium available to Alamo Chemical plant, 0.57% 
(In MMcf£) 
14,70 -2SL at. /0 DEG FE 


1978 Bh 1980 Bee fap 1932 tys5 1984 
ae 82. es 66. 60. Das 13. 


TOTAL VOLUME = 442. 


. 


ris 


TABLE F-7 - Helium available to Cities Service Cryogenics plant, 0.50% 
(In MMcf) 


-14.70 PSI at 70 DEG F = 


1978 L379 1980 1981 1982 1983 1984 
255 254 251 248. 246. 243 242 
1985 1986 1987 1988 1389 1990 1591 
240 239 236. 243 194 173. 164 
ohh Fe 1293 1994 Lao 1996 WSDL) 1998 
150 138. hPa we 118. Lok, 103 95 
te Be] 2000 2001 2002 2003 2004 2005 
89 83 79 Ue 69 14 33 


TOTAL VOLUME = 4460. 


TABLE F-8 - Helium available to Kansas Refined Helium plant, 1.222 
(In MMc£) 
-14.70 PSI at 70 DEG F 


1978 2979 1980 pacipe 1982 19383 1984 
338. 449. 360. 24.05 L5t. ches Ze 


TOTAL VOLUME = 1891. 
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& Table F=-9 


Known Special Market Relationships Between Helium Producers 
and Some of the Market Segments 


Producer User 


Bureau of Mines Section 6 (a) of the Helium Act provides: 
"The Department of Defense, the Atomic Energy 
Commission, and other agencies of the Federal 
Government, to the extent that supplies are 
readily available, shall purchase all major 
requirements of helium from the Secretary” 
(of the Interior). 


The Bureau of Mines has contractual agreements 
with ll private companies to redeliver helium 
held for their account in storage, in crude 

or pure form. The private companies can then 
sell the helium on the private market. 


Kansas Refined Helium Co., The plant receives about 18 MMcf crude helium 


Tne. per month from Northern Helex Company via BOM 
storage to supplement its supply for pure 
. production. 
os) Greenwood Plant, operated Phillips Petroleum Company’s Sherman helium 
by Alamo Chemical Co. plant supplies crude helium to the Greenwood 


Plant for purification and is under contract 

to supply 20 MMcfy of helium to Liquid Carbonics 
Corp. Gardner Cryogenics handles all marketing 
of pure helium for Phillips Petroleum Company. 


Northern Helex Company The majority of crude helium stored for private 
company accounts is produced by Northern Helex 
Co. The Linde Division helium purification 
addition to the Helex plant requires about 75 
MMcfy of the Northern Helex Company's helium 
plant production. Linde has announced plans 
to build another purification addition with a 
capacity of about 300 MMcfy. 
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APPENDIX G 


Bureau of Mines and Private Industry Helium 
Transporatation Operations 


The Bureau of Mines transports about 40 percent of its helium sales 
to Federal users in tank cars, about 6 percent in small cylinders, 
another 24-30 percent is transported by Bureau-owned helium trailers, and 
the rest is transported by commercial helium trailers. A small volume is 
transported as a liquid in dewars. 


It is estimated that approximately 30 MMcf (or about half) of the 
total private helium trailer capacity is owned and controlled by Jack B. 
Kelley Company. This company also owns about 1,200 (or about 10 percent) 
of the private industry small cylinder inventory and has at least four 
bulk liquid helium transport vessels. The remainder of the private helium 
transportation equipment is owned and controlled by Airco, Linde, Gardner 
Cryogenics, and, numerous smaller companies. 


The present quality control and certification program carried out at 
government plants assures government users that the helium they receive 
meets their specifications. To a large degree, the success of the quality 
control program is attributed to government control of its own shipping con- 
tainers which are only used for transport of high-purity helium. Federal 
agency purchases of private helium could require government control at each 
private producer loading site to monitor all shipments going to Federal 
users. 


Table G-l estimates the current status of helium transportation 
equipment owned and controlled by the Bureau of Mines and private industry. 
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